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THEORY OF STRESS IN A GRANULAR MASS. 

By T. C. COYKENDALL. 

In this Thesis it is proposed to discuss the following subjects : 

1°. To find the ratio of the conjugate stresses in a granular 
mass when the mass is in equilibrium. 

2°. To transform the expression for the ratio of conjugate 
stresses, so that logarithms may be conveniently applied. 

3°. To find the ratio of the thickness of a retaining wall, to 
the height of the same when the slope, angle of repose, weight 
per cubic foot of earth sustained, and weight per cubic foot of the 
material of the wall are given. 

4°. To give and demonstrate the truth of a graphical method 
by which the thickness of a retaining wall may be found when 
the height, slope, angle of repose, weight per cubic foot of earth 
sustained, and weight per cubic foot of the material of the wall 
are given. 

In the discussions which follow, the notation here given will be 
used : 

#= The slope of the surface of the granular mass. 

9= The angle of repose of the material of the granular mass. 

As an introduction to the discussion of the principles which 
follow, a general discussion of stress in a granular mass will be 
given. 

If we conceive a granular mass to be divided by any plane, 
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the stresses which occur between the two portions into which 
the plane divides the mass are the forces which tend to destroy 
the equilibrium of *the mass. It is a well-known principle of 
mechanics that if two surfaces are in contact, no movement of 
one, with reference to the other, can take place, unless the 
resultant of all applied forces to one of the two surfaces makes, 
with the normal to that surface, an angle greater than the angle 
of friction between the two surfaces. In a granular mass the 
surfaces along any plane of division may be considered as plane 
surfaces in contact. Therefore we have as the condition of 
stability of a granular mass the following principle. In the state- 
ment of this principle and hereafter in this discussion, the angle 
between the normal to any surface and the resultant of all applied 
forces to that surface, will be referred to as the obliquity. 

A granular mass is in equilibrium when the maximum obliquity 
of stress upon any plane of division of that mass is equal to or 
less than the angle of repose of the material of that granular mass. 

When a granular mass is acted upon by a system of parallel 
forces, as the attraction of the earth for each of the particles of 
the mass, two additional systems of stress are developed. It 
has been shown by Rankine that if a granular mass be acted 
upon by a system of vertical forces, a system of forces is 
developed parallel to the surface of the mass. It is therefore 
evident, from the laws of force, that an additional system of forces 
must be developed perpendicular to the surface of the mass. 

The following theorem has also been demonstratedjby Rankine :* 

** If the stress on a given plane in a body be in a given direction, 
the stress on any parallel plane to the direction of stress on the 
first plane will be parallel to the first plane." In the demonstra- 
tion of the principles of conjugate stresses which follows, it has 
been found unnecessary to refer the stresses to the axes of prin- 
cipal stress for the purposes of the demonstration, and a much 
simpler, and at the same time an absolutely rigorous method of 
demonstration has been used. In that which follows the only 
stresses considered are those which tend to destroy the equilibrium 
of the granular mass. 

The method of procedure is as follows : 

1°. The general equation for the obliquity of stress on any 
plane is obtained. 



* Art. loi, App, Mech,, 



STJiESS IN A GRANULAR MASS, 3 

2®. The relation which must exist between the variables of this 
equation, when the obliquity is maximum, is found. 

3°. This expression for maximum obliquity is placed = <p. In 
accordance with the preceding principles, it is proposed to 
demonstrate the following theorem : 

THEOREM. 

The ratio of the conjugate stresses in a granular mass is 
equal to 



cos 6-\- ^ cos* 6 — cos* fp 
cos 6 — J cos* 6 — cos*^ 



Let n represent the ratio of the conjugate stresses : then as 
the absolute values of the stresses do not enter into the discussion, 
we may consider that the vertical stress is represented by n 
while the inclined stress is represented by unity. Let A B 
represent any plane. Let the distance B = i ,'. The stress 
upon B O = 1. 

Let the stress upon A = m ,\ A (9 = *. 
Let y = the angle between the resultant of 
these stresses and the line C. 

Let X = the angle which the normal to 
the plane A B makes with the line C. 
Then from trigonometrical principles we 
have 

cos y I 




— cos (^ — y) 
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. • . tan J/ = 
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m -f sin 6 
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Obliquity = = (x —y) 
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tn cos 6 {m '\' sin S) 

w* sin # + »f (« + i) + « sin 6^ 
Tff cos S — n cos ^ 

It is required to find the relation which must exist between fn 
and the other quantities of the left member in order that tan O 
shall be a maximum. 

In accordance with the usual rules for maxima and minima 
values we proceed as follows : 

d{)KkG) {mtM0—n(Me) (2 »iiii^+»+i) — [w/« tii S+m{n+i)+nmS] 2 mm 

dm (m^fMS — ntmS)' 

. • . (« Me 0—n (M$) {2 m iiii^4-«H-i)— [w'lii 0+m (ft-\-i)+nmS] 2 m &»8 = 

Performing the indicated operations and reducing, we have, 
ni^ (n + i) + 4 w « sin ^ = — n{n'\- i) 



4 m n sm 6 

. • . w' H = — n 

n + I 



Solving for m we have, 



— 2 « sin ^ ± 1/ — « (i + ^y + A^^ {^ — cos' 6) 
tn = 

n + I 

But in this expression we have used the reaction due to the 
inclined force and not that force itself and since the reaction is in 
the opposite direction, it is negative. 

.•. We must substitute for «, — «, if we represent the ratio of 
the vertical force to the inclined force. 



2 n sin 6 ±1/ n («+ 1)* — 4 n^ cos* 8 

.' . f« = 

I — n 
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Also, 

m* sin S + m (i ^^ n) — n sin S 



tan O = 



m* cos 6 -\- n cos 6 



Substituting the preceding value for tn in the expression for 
tan o we have 



tnO= 



J«a^[2iiM«frf(i-«)*]-«(i-»)\iie+[(i+»)«±iii^y^«(»+0'--*«'««"fl^4«e^ 



4«'m* ^ wi^±4» M ^ eoi ^]/«('*+0'-4«*wi' e+^ »[»(M-0'-4»'wi« ^]+« e« »( !-«)' 



[{»+ 1)* ±2s\n0 y/ n (»+!)* — 4 «* cos»^ — 4 « cos* ^^' n («-|- 1)« — 4 »' cos* 



[ («+!)* db 2 sin^ t/ « («+i)* — 4 n*cosff — 4 » cos*^] 2 » cos 

_ V {n + l)* — 4«COS* 6> 

2 cos^ |/ n 
Let v» = the maximum obliquity. 

1/ (« + i)« _ 4 ;, cos« S 



. • . tan <p = 



2 cos B \/ n 
Squaring and adding one to both sides we have 
4 n cos* B = cos' 9 [n -\- if 

n* -\- 2 n (cos* ^ — 2 cos' ^ 



cos* 9 






Solving for n 



— cos* ^ + 2 cos* B ±: 2 cos B 1/ cos* ^ — cos* <f' 

COS* <p 



.' . n = 



— COS* B + 2 COS* B ^2 COS B |/ cos* S — cos* 9 
cos* ^ — (cos* B — cos* f>) 

cos B + V cos* ^ — cos* tp 



cos S 1/ cos* ^ — COS* (p 

Q. E. D. 
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THEOREM. 



The intensity of the resultant of all forces applied to a vertical 
plane of a granular mass per unit of area of that plane, when the 
slope is negative and the mass is in equilibrium, is expressed by 
the formula : 



R = P 



cos 



^_|/cos'# 



cosS-|- i/cos' 



V 



J 



+ tan'S 



I + sin ^ 
I — sin ip 



When the slope is negative it is evident that there is a com- 
ponent of the stress which acts in a direction perpendicular to the 
direction of the slope. Then the stress on any vertical plane is 
the resultant of this component and of the component which acts 
parallel to the slope of the mass. 

Let P, = intensity of component parallel to slope, in direction 
of any plane perpendicular to this stress, per unit of area of that 

plane. Let P, = intensity of perpen- 
dicular component per unit of area of a 
plane perpendicular to tbe direction of 
the stress. Let P\ = the intensity of the 
component parallel to the slope, per unit 
of area of the plane to which it is con- 
jugate. Let P = the intensity of the 
vertical component, per unit of area of the plane to which it is 
conjugate. 

Then the stress upon any vertical plane will be the resultant 
of these two stresses upon that plane. The stresses P^ and /a niay 
be considered conjugate. 




. p — p 



I + sin ^ 
I — sin v> 



p ( cos ^ — 1/ cos' 6 — cos* ^ 

But P. = —e I 

cos j^ cos » + 1/ cos' 6 — cos* SP 



P J I + sin ^ 
cos 6 \^ I — sin sp 




cos* ^ 
<!os# — l/cos*S- 



i'S-COS'f') 



• p =- ^ — 

cos u [^ I — sin f J ( cos 6 + k cos' 

The intensity of /» per unit of area of a vertical plane = P^ 
sin 0. 



. • . ^ == 1/ P,* + P,* sin* 6 
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cos 6 — V cos' 8 — cos^ 
r.R=P 



9 \ f I + sin s^V 

? (^ I — sin f> j 



cos 6 + l/ cos* 6 — cos' <p 
Let /C = the angle which this resultant makes with the slope. 

+ sin <p \ 



. ' . tan /C = tan 6 




sin <p 



2°. It is required to transform the preceding expressions so 
that logarithms may be conveniently applied. 



I cos 8 — |/ cos' 8 — cos* ^ 
^ cos 8+1/ cos* 8 — cos* tp 

V COS* 8 — cos* f> = l/(cos 8+ cos f) X (cos 8 — cos ^) 

= 2 l/cos >^'(f +"^) cos y2{i—8) s\n]4j9~^8) sin >^ (sp"^^6*) 
= 2 l/sin %{<p^8) cos 14 {^+8) sin ^ (^ — ») cos >^ (s^ — #) 

= 2 1/ sin (^ + «y~sin (v— ^) 



• 



Let 2V sin (y> + 8) sin (sp — 8) = cos A'' 

I cos 8 — cos N 

n cos 8 -}- cos N 

__sin J^ (iV4- <9) sin >^ {N — 8) 
"" cos >^ (iV + ^) cos y2{N—8) 

= tain}4{N+ 8) tan ^4 {N— 8) 

. • . log (V.) = log t3iny{N+ 8) + log tan >^ (N—8) 

To this formula logarithms may be conveniently applied. 

We have now to transform the Expression, 

cos ^ — V cos' 8 — cos* ip \ f I -f- sin Si' V 
R=P ^—————^^^ I + tan' 8 { > 

cos « + V" cos' « — cos' 9 ( I — sin s^ 

so that logarithms may be conveniently applied. 
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When 6 = Oy let N^ = the resulting value of //. 

I + sin ^ 

n = ^ = tan ^ A^o 

I — sin f> 

Nq denoting the value of N when 6=^0. 
. • . i2= P tan >^ (A^+ 6) tan ^{N—d) l/f+tlm^tan* >^ A^^ 

Let tan 6 tan yi N^ = tan M, 

.-. iE = Ptan j^(iV-f e)tdiny2{N—d) secM 

. • . Log P= log P+ log tan >^(A^+ #) + log tan >^ (AT— ^)-t-log sec i»/ 

To this expression logarithms may be conveniently applied. 

3°. to find the ratio of the thickness of a retaining wall to the 
height of the same. 

Let P = total pressure applied at back of wall. 



• P= 



W/i' cos 6 



2 n 



The moment of this pressure with respect to the outer edge of 
the middle third of the base will now be found. In that which 
follows : 

W^ = weight per cubic foot of earth sustained. 

IV= weight per cubic foot 
of wall. 

A = height of wall. 
X = thickness of wall. 




cosS 



AP=}i 



tan 6 



B P = 



h 



3 tan B 



-%x 
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(tan B 



= K \ T—^- 2 X 



k 

..BM= yi-l 2 ;rVsin B 

tan B 



— 2 ;r V sii 



/. The moment of P with respect to the middle third of the 
base is 




6n 



!cos 6 sin 6 

n 



h cos* 6 — 2 X cos 6 sin 6 



Moment of weight of wall, which acts through the center of 
gravity, with respect to the outer edge of middle third 

W X* h 



If the wall is stable these two moments must be equal 

W 
6 



x^ h W k' ( 

= ■< A cos' B — 2 xcos B sin B 

6 6n \ 



-\ cos*B — 
n \ 



3* W \ X 

2 — sin ^ cos B 



le Wn\ h 

a* W X W 

V 2 sin B cos B- ■=z cos' B 

If Wn h Wn 



Solving for -y- we have 
h 



JJZL 

\^ Wn 



= cosB ^ J-_+___sin'»--7j^sin B 



which is the required formula for the ratio of the height to the 
thickness. 
4°. To give and demonstrate the truth of a graphical method 
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by which the thickness of a retaining wall may be found when 
the height, slope, angle of repose, weight per cubic foot of earth 
sustained, and weight per culi)ic foot of material of wall are given. 
In that which follows the graphical method will first be given, 
and then the demonstration of the truth of this method. The 
notation will be the same as has been previously used. 



Fig. IV. 




Let (9 5 be any 
line. 

Lay oflF the 
angle I 8=6. 

Lay off the 
B angle 1 L^=^. 



From any point of the line / (9 as a centre, describe a semi- 
circle passing through 0, Let L be the point in which this circle 
intersects L. From the point in which this semi-circle inter- 
sects C> /, as a center, let a semi-circle, A L B,ht described pass- 
ing through L. 

Then will this semi-circle be tangent to Z, 

O A I 



O B 



n 



From draw OK \_ to B and lay off 

OH W 



O T 



IV 



From A draw A K \\to TH. 

Layoff 0P= OK. 

On PB describe a semi-circle P S B. 

Prolong K until it intersects the semi-circle in 5". 

Draw K M \ to O L It will intersect I'm some point as M. 



* Rankings Civil Eng., Art, 183. 
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Take N = O M. 

Draw 5 N 

T^ke FN= SN. 

Draw FJ J_ to //, then it will intersect IJ in some point as /. 

TakeO £= O J. 

Draw 5 E and 5 B. 

According to any scale lay off the height of the wall O C. 
Draw C/vf parallel to B S then will it intersect O S in some point 
as R. Draw R D parallel \.o S E then it will intersect E B in 
some point as D. Then is D the thickness of the required 
wall according to the scale which was used in laying off C. 

For according to the construction 

OH OK OK W OP W 

0T~ O A ' ' OB " Wn ' ' OB ^ IV n 

s rw' 

. • . According to the construction ^ p = ^ 

U B \Yn 

Also since I O B = 6 and K Mis _\_ to 1 we have 

OM W ON W 

sin ^ . • . = sin S 



OB Wn OB IVn 

SN VOS'+ON^ 



OB OB 



SN \ W H/" 
OB ^ Wn Wn' 



OF ( VW W W 

OB \^Wn W'7e Wn 



sin 6 



O J \ \ V\^' W , W' 

= cos© < ^ -f sin*© sin© 



X^lTn 



OB \^ Wn W*H^ Wn 



• m 



X^liTn 



OE ^\ \ W' W'* W' 

= cos 8 ■{ ^ 1 sin' 6 sin 8 



OB \^ Wn W'n* Wn 



But it has already been shown that the right member of this 
equation = -j. 
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X OE 
h ^ OB 

If then we lay off (? C = height according to any scale, let 
7 = thickness. 

DO X 



Then 



OC 



x=^ 



.-. D 0=: OC = T 

h 



Pig. V. 




:, D =^ thickness of the 
required, wall. (Q. E. D.) 

When 6=^ <p the construction 
is as given in Fig. V. O F=T. 



Fig. VI. 




When 6= tht con- 
struction is given in Fig. 
VI. In each of these 
cases the principles are 
the same as in the con- 
struction of Fig. IV. O D 
= T. 

The method of construction and demonstration is therefore 
evident from the method used in Fig. IV. 

In order that the saving of labor by means of this method 
may be readily seen, the complete formula for the thickness is 
here given. 



V} 



III 19 



Should it be desired that the resultant should pass through any 
point other than the outer edge of the middle third, a formula 
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may be deduced in a similar manner to the formula of the third 
discussion of this thesis, and a graphical construction may be 
made which is entirely analogous to that of the present 
discussion. 



OUTBURSTS OF GAS IN METALLIFEROUS MINES.* 

By BENNETT H. BROUGH, A.R.S.M., F.G.S., F.I.C. 

The recently published volume of the Reports of the Inspec- 
tors of Mines to Her .Majesty's Secretary of State, contains an 
account of a lamentable accident, caused by a fire-damp explosion 
at the Mill Close lead mine, at Darley, in Derbyshire, on Novem- 
ber 3, 1887. This mine, which is the largest and most productive 
in Derbyshire, is one of the oldest in the district, the records of 
the quantity of ore raised going back as far as the year 1684. 
The vein is frequently many yards in width, and traverses hard 
limestone overlain by shale. Ore is also found extending into 
many of the beds of shale. Fire-damp has occasionally been 
found in this mine, but only in small quantities. In 1886, how- 
ever, two explosions occurred, by which two men were burned. 
Since that date, the quantity of gas emitted from the shale largely 
increased, and led to the use of locked safety- lamps. The account 
of the recent explosion given by Mr. Stokes,t Her Majesty's In- 
spector of Mines, is substantially as follows: On the morning of 
the accident, six miners went to work at a part of the mine called 
the forefield. They descended at midnight on November 2d. 
Upon their arrival at their working-place, the men tested for and 
found gas in and about the ends of the forefield. They thought, 
however, that the use of safety-lamps protected them from all danger. 



* Royal School of Mines, 
South Kensington, S.W., April 17, 1890. 

A. J. Moses, Esq., Manager of the "School of Mines Quarterly." 

Dear Sir : In reference to your favor of the 4th inst , 1 feel much flattered by your 
proposal to print portions of my paper on " Gas Outburst '* in your journal, and trust 
that your doing so will lead to further cases in American mines being recorded. 

Yours faithfully, 

Bennett H. Brough. 
t Reports of tht Inspectors of Mines, for the year 1887, p. 377. London, 1888. 
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A shot was fired during the early part of the shift, and at 3 a.m. 
three shot-holes were bored, within three or four feet of where the 
gas was known to have accumulated. These holes were charged 
with dynamite, and ignited by touch-paper, and a fuse carried 
down from the upper to the lower workings. After lighting the 
fuse, the men retired to what they thought was a place of safety 
about fifty yards away in the lower level or wagon-way. At this 
point they were joined by the two wagoners, and all awaited the 
firing of the shots. Suddenly an explosion occurred, and imme- 
diately five of the six men were buried and killed by a large fall 
of timber and stone. The sixth man escaped with burns and 
serious bruises. This man stated at the inquest that the explosion 
took place immediately after he heard the first shot go off, and 
from his evidence there can be little doubt that the first dynamite- 
shot fired the gas. 

The Yoredale shale, whenever it occurs in beds of twenty-five 
to thirty-five fathoms in thickness, always gives off a little gas. 
Probably this gas had collected in the fissured limestone, and be- 
coming ignited by the shot, forced down the rock mas.ses upon the 
unfortunate miners. 

This illustration of the disastrous effects of a fire-damp explo- 
sion in a metalliferous mine clearly proves that fire-damp, unfortu- 
nately, is not confined to collieries. In a number of cases it has 
been met with in mines of lignite, salt, diamonds, and metalliferous 
minerals. It has, therefore, been thought that it would be of in- 
terest to collect the records of cases in which outbursts of gas have 
been observed in metalliferous mines, with a view to arriving at an 

explanation of the phenomena. 

  * 

Similarly, the fire-damp explosions that have occurred in salt 
mines are due to the presence of hydrocarbons produced by the 
decomposition of vegetable substances. The gray or blue color, 
so frequently met with in rock-salt, is due to the presence of bitu- 
men. * * * * According to J. N. Bremer,* combustible gas was 
evolved in large quantities from a fissure in the marl in the rock- 
salt at the Szlatina mine, Marmaros county, Hungary, and was used 
for lighting the workings. At Gottesgabe, near Rheine, in West- 
phalia, the gas evolved was used in 1826 for lighting the workings, 

* Poggendorff^ s Annalen der PhyUk und Chemi^, vol. vii., 1826, p. 13I, 
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and even conducted through wooden pipes to the manager's house, 
and there used for hghting and for cooking purposes. Similar 
outbursts of gas were utilized at Zugo, near Klein Saros, in Tran- 
sylvania ;* and at the Bex salt-mines in the canton of Vaud, Switz- 
erland, fire-damp has, according to Brunet,t been used for lighting 
the workings, being received from the fissures in sheet-iron pipes. 
The gas, probably, comes from the inclosing limestones, which are 
possibly bituminous. It is a curious fact that the first fire-damp 
explosion recorded, is shown, by Professor F. Posepny,J to have 
occurred at a salt-mine at Hallstadt, in Austria, on September 9, 
1664, twenty years before what is generally supposed to be the 
first historical evidence of the presence of fire-damp, given by 

Robert Plot,§ in 1684. 

 *  

In iron-mines,several explosions of fire-damp have been recorded. 
A. Daubreejl met with fire-damp in the mines of pisolitic iron-ore 
at Gundershoffen and Winckel in Alsace. At Gundershoffen, the 
pisolitic iron-ore, which was worked up to 1825, occurs dissemi- 
nated through a yellow clay overlying marls of Upper Liassic age. 
The ore-bed is covered by a grayish-blue clay, some twenty yards 
in thickness. In the bed, numerous nodules of gypsum are met 
with, and the clay immediately above the deposit is impregnated 
with grains of iron pyrites. In the bed, which was worked in 
18 1 8 at a depth of thirty-three yards, insignificant gas explosions 
were of frequent occurrence. In 1824, however, a serious explosion 
occurred, by which a number of miners were seriously injured. 
The Winckel bed is deposited in a hollow in white limestone of 
Upper Jurassic age. The pisolitic iron-ore is disseminated through 
a gray clay, and the whole is overlain by a limestone conglomer- 
ate. In 1832, an explosion occurred when some workings, that 
had been suspended for a time, were entered. Wooden planks 
were ejected from the shaft and throM^n to a distance of ten yards 
from the mouth, and the only workman in the mine at the time 
was badly burned. An explosion of a less serious character oc- 



* Gilbert^ s AnncUen der Pkysiky vol. xxxvii., i8ii. p. i. 

t Comptes Rendus Mensuels dela Sociiti de V Industrie Minirale^ 1 882, p. 129. 

J Oesterreichische Zeitschrift fur Berg- und UUttewesen, vol xxxiii., 1885, p. 606, 

\ Natural History of Staffordshire, 

\ Annates des Mines, 4th Series, vol. xiv , 1848, p. 33. 
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curred on June 27, 1846. At the top of a level, a great influx of 
water was observed, and in raising his light to see whence it pro- 
ceeded, the captain ignited the gas, and was thrown violently to the 
ground and slightly burned. 

« *  

In mines working true-fissure veins, numerous explosions have 
been recorded. In March, 1845, an explosion occurred in old 
workings that had not been entered for some years, at the now 
abandoned copper-mine of Grand- Saint- Jean, near Giromagny, in 
Alsace. Gas has been noticed on several occasions at Pontpean, 
in Brittany, where it is still occasionally met with * The vein 
consists of argentiferous galena and blende, and traverses, in a 
north and south direction, the ancient clay-slate. As there is a 
dislocation that has brought a portion of the deposit to the level 
of the Tertiary strata, it is possible that the gas outbursts are due 
to the influence of lignite deposits, which may exist in these beds. 

Charlont reports the occurrence of inflammable gas in the cop- 
per pyrites deposit of Rocca Federighi, in Tuscany. In 1875, a 
timbered level, that had been abandoned for two or three years, was 
encountered by a cross-cut. On holing, large quantities of water 
were ejected, and, immediately afterwards, an explosion occurred 
by which three workmen were seriously burned. Again, in 1877, 
at the same mine, an explosion occurred on opening an old adit 
level that had been abandoned for fifteen years. In this case a 
thin parting of rock separated the old level from that in which the 
men were working, and water, having an unpleasant odor, perco- 
lated through. A piece of the roof fell, and the captain, raising 
his lamp to see what was the extent of the disaster, exploded the 
gas, the three men in the level being seriously burned. From this 
description it appears that, under certain conditions, the decompo- 
sition of wood in water or in moist air may give rise to the forma- 
tion of inflammable gas in exactly the same way as marsh-gas is 
produced in stagnant pools. The explosions that have occurred 
in some of the Saxon mines, when old workings were entered, 
may be explained in this way. The archives of the Royal Saxon 

* Rapport de M, Haton de la Goupilliire au nom de la Commission d* Etude des 
Moyens Propres a Prtvenir Us Explosions du Qrisou^ Paris, l88o, p. 39. 
f Comptes Rendus Memuels de la Sociiti de P Industrie Mini rale ^ 1879, p. 6. 
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Mining Bureau, quoted by Tittel,* record several explosions of 
this kind. 

At the St. Johannes Mine, at Rehhiibel, in the Schwarzenberg 
district, a cross-cut was driven from the Urbanus adit level, at a 
distance of 760 feet from the mouth of the adit. On March 11, 
1872, two miners were working at the end of this cross-cut, and at 
noon a quantity of water burst through. At 3.45 p.m. an explosion 
of gas occurred. One of the miners, though badly burned about 
the head, face and hands, found his way in the dark out of the adit 
and escaped. The dead body of the other miner was found at a 
distance of 643 feet from the mouth of the adit. It was subse- 
quently found that the water from an old shaft accompanied by 
marsh-gas, which had in all probability been formed from the de- 
caying timbers, had burst through an aperture and become ignited 
by the miners* lamps. 

At the Churprinz Friedrich August mine, at Gross-schirma, in 
1859, a brick dam was put in to keep out the surface-water. In 
1882 the system of drainage was changed, and the dam was bored 
through in order to insert an iron pipe provided with a cock for 
letting ofifthe water as required. While the boring was in progress, 
water and gas burst through, and an explosion followed by which 
the miners engaged were seriously injured. Similarly, at the Alte 
Hoffnung mine at Schonborn, a dam built in 1867 was opened in 
1870, in order to ascertain whether there was as much water as 
formerly. The gas, issuing with the water, ignited, and the flame 
extended for twenty feet and burned for several seconds. Behind 
the dam, the level had been timbered for some thirty yards, 

The presence of fire-damp in metalliferous mines cannot always 
be traced to the decomposition of timber under water. There was 
very little timber in the Winckel levels, and none at all in the 
Girom^igny mine. In many mines, too, containing an enormous 
quantity of timber partially submerged, no trace of gas has been 
observed. This was the case at the Alter Deutscher Wilder Mann 
mine, near Grun I, in the Upper Harz. This mine was under 
water for 200 years, and was visited by the writer in 1882. imme- 
diately after the water had been pumped out. 

Another explanation must besought for the presence of fire- 
damp in the Monte Catini mine in Tuscany, where in 1845 many 

* Berg-, und Huttenmannische Zeitunjr^ 1 882, p. 226. 
VOL. XII. — 2 
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miners lost their lives by an explosion, and in the celebrated Van 
mine near Llanidloes. The latter mine is the most productive 
lead-mine in the United Kingdom. The vein occurs in rocks of 
Lower Silurian age. The occurrence of gas at this time has been 
noted by Dr. C. Le Neve Foster * Fire-damp was found at the adit, 
and in nearly every level below while tapping or making the first 
drivages on the lode. The gas rushes out with the water, making 
a great noise, and always appearing to come from below. The 
miners regard it as a sure harbinger of lead-ore. The quantity 
has sometimes been sufficient to cause slight explosions, by which 
miners have had their hair and beards singed. It is not improbable 
that sulphuretted hydrogen has also been emitted. 

T. Macfarlanef describes the occurrence of fire-damp in the 
Silver Islet mine, situated on a small rocky island in Lake Superior. 
On December 28, 1875, while a party of miners were engaged in» 
drilling a hole in the end of the drift at the 8th level, the drill sud- 
denly broke into a crevice, from which water at once commenced 
to flow, but not in great quantity, and not being aware that it was 
accompanied by an emission of gas, one of the miners took a candle 
to look at the hole. The gas instantly took fire, sending out a 
flame of more than 40 feet in length. The hole was subsequently 
stopped with a wooden plug, and when a lighted candle was applied 
to the imperfectly plugged hole, the gas again ignited, giving a jet 
of flame about a foot in length, which continued to burn for several 
weeks. 

In these cases, it appears probable that the gas has been derived 
from beds beneath the ore-vein, from which it has ascended through 
fissures into the workings. 

Sulphuretted hydrogen has, in many places, been disengaged in 
sufficient quantity to become ignited. This occurred during the 
sinking of a well at Gajarine, near Conegliano, in Lombardy, and 
is described by L. E. F. Hericart de Thury.J The explosions 
described above cannot, however, be attributed to this cause, for 
if sufficient sulphuretted hydrogen had been present, it would at 
once have been detected by its characteristic odor, and by the odor 
of the sulphurous acid formed on its combustion. 



* Transactions of the Royal Geological Society of Cornwall^ vol. x., 1879, P* 33» 
f Transactions of the American Institute of Mining Engineers, vol. viii., 1 880, 
p. 226. 

X Annates des Mines, 3d series, vol. iv., 1833, p. 515* 
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In these cases the gas was probably produced from the decom- 
position of pyrites ores. This decomposition may be detected in 
many old mines. The writer has observed the presence of large 
quantities of sulphuretted hydrogen in abandoned workings at the 
Rammelsberg mine in the Harz, at the Falun mine in Sweden, 
and at several of the Hungarian mines. In other cases the acid 
waters produced by the oxidation of pyrites act on limestone and 
produce carbonic acid. Emanations of carbonic acid in the iron- 
ore mines of the Upper Erzgebirge are described by H. Miiller.* 
Similar outbursts have been observed at the mines of Massa Mari- 
tima, in Tuscany, where a thick vein of pyrites and quartz traverses 
clay slate enclosing limestone beds. The hanging-wall of the vein 
is formed by a band of clay that conducts a quantity of water into 
the workings, and serves as a receptacle for gas, principally carbonic 
acid, probably produced in the manner indicated. A similar reac- 
tion may have produced the large quantities of carbonic acid given 
off from crevices in the south wall of the lode at the Foxdale lead 
mines in the Isle of Man. In 1883, when the writer visited these 
mines, the amount of gas given off at the eastern end of the 185 
fathom level was so great that, notwithstanding the large volumes 
of compressed air continually forced in from two air pipes, candles 
would not burn, and the work was carried on under great diffi- 
culties. 

In the same way carbonic acid was met with in 1875 in the 
Johannis Stehenden vein, in the Himmelsfurstmine, at Freiberg, in 
Saxony. Here, too, lights would not burn before a freshly opened 
cavity. 

Carbonic acid, produced by the action of acid waters on lime- 
stone, is of not unfrequent occurrence in the Derbyshire lead mines. 
At a mine near Youlgreave, the writer has seen this gas being 
raised in buckets attached to a windlass. 



Summary. 

From the various records collected in this paper, it is believed 
that there is sufficient evidence to show that the gas-outbursts, that 
have been observed in metalliferous mines, are not all due to the 
same cause, and may be explained by the following hypotheses : 

* GangstudUftf vol. iii., i860, p. 302. 
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1. The decomposition of timber in a mine, in a similar manner 
to the decomposition of vegetable matter in marshes, may pro- 
duce fire- damp which would accumulate in cavities that are ulti- 
mately broken into. This is evidently the explanation of the ex- 
plosion in the Saxon mines, and in the Rocca Federighi mine. 

2. In iron mines, where the iron is not entirely in the state of 
peroxide, water might be slowly decomposed, and hydrogen be 
produced. This, if the ventilation of the mine was defective, 
would accumulate in the upper portions of the underground exca- 
vations. This is a. possible explanation of the explosions at Gun- 
dershoffen and Winckel. 

3. In these cases, however, it is more probable that the gas was 
fire-damp, which emanated from beds beneath the ore-deposit and 
found its way, through fissures, into the workings. The gas would 
thus be produced in the same way as the natural gas of the United 
States, China and other countries, where it is given off from rocks 
of varied age inclosing bitumen. The Upper Liassic marls on 
which the Gundershoffcn deposits rests, are often sufficiently bitu- 
minous to enable them to be burned. At Winckel, however, no 
such beds are met with below the deposit, though they occur in 
the Jurassic rocks of the vicinity. The same explanation is there- 
fore feasible. At the Mill Close, and other mines in Derbyshire, 
the gas is derived from the Yoredale Shales, which are undoubt- 
edly of a bituminous character. Bituminous matter has occasion- 
ally been found in mineral veins, and would appear to have been 
derived from the adjacent rock at the time of the filling of the vein 
fissure. In the Snailbeach lead-mine in Shropshire, small nests of 
bitumen abound in the vein, and the writer has found the same 
substance in geodes in some of the abandoned metalliferous mines 
of Alsace, near Mollau and St. Amarin, in the Vosges. The ex- 
plosions at Monte Catini, Silver Islet, and the Van mines would 
appear to be due to natural gas derived from adjacent rocks. 

4. Fire-damp may be produced from the decomposition of or- 
ganic matter, in the same way as the hydrocarbons met with in 
saltmines. At Ponpean, and at the Voulte mine, the fire-damp 
was apparently derived from beds of lignite in the vicinity. 

5. Explosions have in some cases been caused by outbursts of 
sulphuretted hydrogen, produced by the action of acid waters on 
pyrites ore. 

6. The outbursts of carbonic acid met with at Foxdale, Freiberg 



GAS IN METALLIFEROUS MINES. 21 

and Massa Maritima, may have been caused by the action of sicid 
waters, produced by the oxidation of pyrites, on limestones or 
metalliferous carbonates. 

*  * 

Mr. James Willis said it was a frequent occurrence to have 
slight explosions of gas in the hematite mines of Cleator and other 
places in Cumberland. Last year one man was killed by such an 
explosion in the Furness district. If the writer of this paper would 
go to the places, he might have an opportunity of examining these 
gases. The supposition of the writer was that the gases referred 
to in the paper arose from the decomposition of wood. 

^r ^ •F 

Mr. White said that when he had charge of the South Skelton 
iron-mine in Cleveland, there were two men very badly burned in- 
deed. For some time they were so very much bothered with gas 
that Davy lamps had to be u.sed in working some parts. In the 
Liverton mine, near to South Skelton, they had always, he believed, 
had some trouble with gas. For a considerable period there was 
an oily fluid to be seen trickling down the sides of the boards from 
the roof in the ironstone-mine. In his case the timber had nothing 
whatever to do with the matter. 

^^ ^* *f* 

Mr. Bell said he thought it was from the jet shale that the gas 
came into the Cleveland mines. In one of them he had seen more 
gas than in a coal-mine. As to gases in metalliferous mines, he 
had seen some in two or three places traceable to some shales. In 
another instance, where a man was burned, there was a small coal 
seam, six or seven inches thick, where the gas had evidently come 
from, and exploded at his light. It was a common thing in all lead 
mining districts to have gas here and there from the shale, or small 
coal seams, or from both of them. In the place Mr. White spoke 
of he (Mr. Bell) had traced it as coming from the jet shale. 

* « 9|C 

Mr. J. M. LiDDELL said that in the diamond mines of South 
Africa there was a great amount of carboniferous shale, and in 
working amongst it there had happened one or two explosions. In 
one case a shaft was sunk through a small amount of shale, and in 
another a drift was driven into a large mass of shale, and explo- 
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sions occurred. He thought that as they got deeper they would 
have to take more care. 

Mr. Willis said that four or five years ago at the Fallowfield 
lead mine five men were burned by gas from an adjoining coalfield. 
There was a very large trouble in the coal-field which seemed to 
throw the lead-measures to about their level. 

Mr. Bell : The cases mentioned in this paper might be multi- 
plied twenty-fold. 



EXAMINATION OF MINES. 



By prof. H. S. MUNROE. 



(Continued from Vol. XI., p. 201.) 

In a previous article* it was shown that questions as to the value 
of a mining property, and as to methods of working, cannot be 
answered definitely until the character and probable extent of the 
deposit are well determined. This in turn requires that the prop- 
erty be developed by surface and underground workings. To de- 
termine whether the property is worth development, and to devise 
a systematic and economical plan of exploration demand careful 
preliminary study. The method of making the necessary exami- 
nation and surveys for this preliminary study was described at 
length in the above-mentioned paper. 

Passing over for the present the methods of prospecting and of 
developing a mining property, the present pap)er will treat of the 
examination of mines or of developed mineral properties. 

The objects of such examination are the valuation of the prop- 
erty and the determination of the proper method of working the 
deposit, including, among other things, the proper scale of mining 
operations. 

Valuation of Mines. 

The value of a mine is determined by its capacity for earning 
profits or dividends. 

If, for example, we assume the proper rate of interest, all things 
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considered, at 10 per cent., then a mine earning one hundred thou- 
sand dollars a year should be worth a miUion dollars. 

The problem, however, is not as simple as it would appear at 
first sight, and the determination of the proper rate of interest de- 
mands careful consideration. 

In the first place, the business of mining is peculiar, in that it is 
a temporary business. Any given mineral deposit or mining prop- 
erty will be exhausted sooner or later; and the more actively it is 
worked the sooner will the business of mining come to an end.* 

The value of a mine should, therefore, be computed on the basis 
of the present value of a limited annuity, and not according to the 
rules of simple interest. 

Again, the business of mining is risky. All mineral deposits 
are more or less uncertain. Even beds of coal, perhaps the most 
regular of all, are liable to contain unworkable areas, and often 
pinch out and disappear entirely. In the case of metalliferous de- 
posits, irregularity and uncertainty are the rule rather than the ex- 
ception. An engineer's estimate of the yield of a deposit, or the 
life of a mine, must take into account this element of uncertainty, 
which is greater for some classes of deposits than for others. 

Mining is subject as well to the ordinary risks of similar business 
operations. The market value of the product varies with supply 
and demand, is affected by the cost of transportation, by tarifif legis- 
tion, and bv other outside influences. The cost of labor and of 
the necessary supplies is also subject to change, and the profits of 
mining may be seriously reduced thereby. The mine workings 
and surface plant are liable to be destroyed by fire and by floods, 
and by other accidents peculiar to mining, such as explosions of 
fire-damp and the caving-in of the overlying strata. 

The fact that mining is a temporary business makes it necessary 
to provide for the repayment of the capital invested in the prop- 
erty, and that required for the development and working of the 
mine. In estimating the profits a certain sum must be added to 
the working expenses to provide a sinking fund for this purpose. 
This fund should be large enough to extinguish the capital within 

* The rapid exhaustion of mines is a characteristic feature of modern mining, espe- 
cially in this country. In the older mining regions of Europe are mines centuries old 
and still productive. In this country mines eqtially large and deep have been exca- 
vated in a single generation. The introduction of machine drills and high explosives 
have revolutionized the art of mining. 
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a less term of years than that estimated as the probable life of the 
mine. 

In estimating the value of the mine, on the basis of an annuity 
for a term of years, the interest assumed in computing the present 
value of the annuity should be large enough to cover the mining 
risk. 

For example, let us suppose the case of a mine with a total capi- 
tal of one million dollars, which is to be repaid in ten years, money 
being worth 5 per cent. A sinking fund of about eighty thousand 
dollars per year will be required. To pay interest on the capital, 
with no allowance for mining risk, the mine must earn fifty thou- 
sand dollars additional, or one hundred and thirty thousand dollars 
in all. Thus the stock must earn 13 per cent, dividends per year 
in order to pay interest on the capital invested, and to repay that 
capital in ten years. In other words, the stock must earn over two 
and one-half times the commercial rate of interest to be worth par. 

The same result is reached by the use of a table of annuities. 
Here we find that the present value of a ten-year annuity, money 
being worth 5 per cent., is 7.72 times the yearly income. With 
a present value of one million the income must be one hundred 
and thirty thousand dollars, as before. 

In order to take into account the mining risk in the above case 
the yearly earnings under the above conditions should be not less 
than 20 per cent., and under some circumstances 30 or 40 per cent, 
per annum, or from four to eight times the commercial rate of in- 
terest. 

In Nevada, when the Comstock mines were declaring large divi- 
dends the stocks yielded about 40 per cent, income per year on 
their selling price in the stock market. The commercial rate of 
interest in Nevada at that time was 10 per cent. The stock in this 
case earned four times the usual rate of interest, and was sold for 
two and a half times the yearly profits. 

Jn the Lake Superior region the stocks of the dividend-paying 
mines earn from 8 to 25 per cent, per year on their average market 
value. 

The Calumet and Hecla mine occupies an exceptional position 
in this respect. The mine earns from two to three millions in divi- 
dends per year, and is estimated to have at least thirty years' further 
life at the present enormous rate of production. The average sell- 
ing price shows that the stockholders are content with 8 to 10 per 
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cent, interest. The allowance for mining risk in this case, assum- 
ing money to be worth 5 per cent., is very small. 

Prof. J. C. Smock,* in estimating the value of the iron-mines of 
New Jersey, assumes the average life of the mines at fifteen years 
and the rate of interest at 4 per cent, and multiplies the yearly 
profits by seven to obtain the value of the mine. This corresponds 
to a yearly profit of 14 per cent, or three and a half times the rate 
of interest assumed. 

Examples might be multiplied, but the above will serve to show 
that each case must be judged for itself. To estimate the value of 
any mine we must know the amount of capital required, the prob- 
able life of the mine and the yearly profits, and make due allow- 
ance for the mining risk. 

When the deposit is completely exposed, or is of such a nature 
that its continuance may be safely predicted, the value of the 
property can be computed with great accuracy. 

When, however, the deposit is unreliable, and its future cannot 
be predicted with any degree of certainty an accurate estimate of 
value is impossible. 

In such case it is, perhaps, best to make two estimates of value. 
One of these should be based on the mineralf " in sight," which 
is proved to exist, and which can be accurately measured and 
valued. This estimate will give the minimum cash value of the 
mine as far as developed. 

The other estimate should be based on reasonable probabilities 
as to the future, and will represent a value more or less speculative. 

Conservative engineers usually confine themselves to the valua- 
tion of the mineral " in sight," and take no account of probabilities. 
Nevertheless, the speculative or probable future value of the mine 
will have weight with the intending purchaser or investor. He, or 
some one for him, will make some kind of an estimate of this 
probable value. Such estimates are likely to be exaggerated, and 
may work great harm. An estimate of the speculative value of 
the property, made by an expert who is able to weigh the proba- 
bilities intelligently, will enable the purchaser to decide the amount 
of risk he is justified in taking. Careful estimates of this kind 



* Trans, Am, Inst. Alining Engineers^ vol. x., pp. 288-293. 

t The word ** mineral " in this article will be used to cover productive vein rock, 
and ore, as mined, as well as coal, iron ore, rock-salt, etc. 
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will tend to prevent extravagant valuations from obtaining foot- 
hold, and will tend to discourage the over- capitalization of mining 
enterprises which has worked so much injury to the mining indus- 
try of the country.* 

Work of Examination. 

The examinations to obtain the necessary data for the valuation 
of the mine will be, so far as the surface is concerned, on the same 
lines as the preliminary survey detailed in the last article. If there 
has been no such preliminary examination of the property a topo- 
graphical and geological survey should be made, following the 
scheme of work as previously outlined. This survey and exami- 
nation can be complete and thorough, as the work of exploration 
and development have made the deposit accessible at all points. 

In the examination of the property the following outline of work 
should be followed : 

1. Study carefully the deposit and its associated rocks and min- 
erals at numerous points, and determine its geological character. 
Determine,if possible, the method of its formation, especially when 
this is likely to have important bearing on the questions of regu- 
larity and continuance of the deposit. Specimens should be ob- 
tained for lithological study, if this is likely to throw additional 
light on the formation of the deposit or on the occurrence of the 
useful mineral. 

2. Study and map the zones of rich and barren ground, the 
" pay chutes," " bonanzas," ** ore-courses," " chimneys," " horses," 
*' faults," " squeezes," etc., and endeavor to determine the laws gov- 
erning the distribution of such zones and their average size and 
frequency of occurrence, as well as the relative areas of good and 
bad ground. 

3. Make careful measurements, at as many points as possible, of 
the thickness of the deposit and of its different subdivisions or 
benches. Obtain the data to compute amount of mineral ** in 
sight." 

4. Make a survey of the underground workings, and construct 
sections to exhibit the data obtained and as a basis for the study 
of the deposit. 

5. Obtain from different parts of the mine a sufficient number 



* See also Practical Minify by J. G. Murphy, E.M. D. Van Nostrand, 1890. 
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of samples for assay to give an accurate determination of the 
average richness or quality of the mineral. The samples should 
be so taken as to show variations in richness or quality in the dif- 
ferent parts of the deposit, in zones, layers or benches, as well as 
in different parts of the mine. If any mineral has been mined, 
and is accessible in cars, bins or stock-piles, this should be sampled. 
If any of the mineral has been sold, or treated in dressing or 
smelting works, secure data as to the results obtained. 

6. Study the deposit and the enclosing rocks and overlying 
strata from the standpoint of the practical miner, and note condi- 
tions likely to have influence on the methods and cost of develop- 
ing and working the mine, on drilling, blasting, timbering, drain- 
age, ventilation, etc. 

7. Determine the proper scale of operations, and estimate the 
amount of capital required. 

8. Obtain data for estimating the cost of mining and mechani- 
cal preparation of mineral, probable cost of labor and supplies, 
sources and cost of fuel, timber, water, etc. 

9. Determine proper metallurgical treatment and estimate cost 
of same. 

10. Ascertain cost of transportation of supplies and product, 
and whether liable to change. 

11. Study the market for the product; note the effect of in- 
creased production or competition on selling price. 

12. Inquire as to the history of similar enterprises in the vi- 
cinity and commonly received opinions as to the richness and 
quality of mineral that can or cannot be worked. 

(To be continued.) 



A GRAPHICAL METHOD OF SHOWING THE RELA- 
TIVE ANNUAL EFFICIENCY OF A STEAM PLANT. 

By H. F. J. PORTER, M.E. 

If we examine the work performed by a large boiler plant we 
will find that the greater portion of the steam generated is utilized 
for one specific purpose, while small amounts are used only in- 
cidentally. For instance, in a heating plant, the bulk of the 
steam is used for the purpose of warming certain rooms or build- 



28 THE QUARTERLY. 

ings while smaller amounts drive machinery for niaking repair?, 
for electric lighting, for pumping water and for minor purposes. 
In a factory most of the steam is used for power to drive ma- 
chinery, and minor amounts are used for heating, pumping water 
and for special purposes. 

It is the duty of the engineer to so arrange his plant that the steam 
for minor uses should be either waste steam or steam which can 
be utilized afterwards for doing its share of the main work of the 
plant. 

When a plant is so arranged the cost of the minor uses 
of its steam is minimized and the main use to which it is put 
becomes the sole function of the expense of running. Thus, in 
a heating plant, the expense of running would depend upon and 
be inversely as the outside temperature, while in the power plant 
of a factory it would depend upon and vary directly as the output 
of the factory. We thus obtain a standard to which the running 
of the plant can at all times be referred. 

In order to make the necessary comparisons careful records must 
be kept of temperature or output, as the case may be, and of the 
running expenses, and these must be systematically tabulated. 

The graphical method of showing the results of tabulation has 
of late been made much of because it places them before the eye 
much more explicitly than mere columns of figures. 

In this paper I shall endeavor to show by this method the rate 
of coal consumption in the heating plant of Columbia College, 
comparing it with the outside temperature. A similar method 
may be used to show the efficiency of any steam plant, measuring 
it by the output. 

Until the fall of '84 no records of coal consumption at the college 
had been kept, and if they had, the frequent additions of new 
buildings and consequently boilers, would have made the records 
specific rather than relative, and therefore useless for the present 
purpose. 

During the summer of '84 and the following winter the steam 
piping of the boiler house was completely overhauled and so ar- 
ranged on a manifold system that the boilers could be used inde- 
pendently or together by any desired combination on any or all 
buildings, and the steam piping of the buildings was arranged so 
that the whole plant would work as a unit and not as a collection 
of units as before. The exhaust steam from all the engines, pumps, 
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etc., was turned into the heating mains and after performing its 
work of heating, all the steam was returned in the condition of 
condensed water, at a high temperature, to the boilers. Thus the 
cost of steam for power was made a minimum. So much help was 
obtained from the exhaust steam from the engines used for ven- 
tilating, electric lighting, pumping water, air, etc., that on dark 
days in winter when all the machinery was at work, the heating 
boilers were not run under pressure, and the buildings were heated 
almost entirely by exhaust steam. 

Records were begun on Nov. I, '84, but the work upon the re- 
arrangement of the plant did not cease until the following spring. 
During this time, however, the heating and lighting was not inter- 
rupted, but the plant was run in a manner that was not economical 
owing to its unfinished condition. The records show the relative 
economy of running before and after the plant was overhauled. 

The coal burned previous to Nov. '84 was of the size known as 
broken or lump. During the year Nov. '84-Nov. '85 the size 
burned w^as Qgg, During the years Nov. *85-Nov. '89 pea coal 
was burned, and since then buckwheat. 

It was anticipated before each change was made that more of 
the smaller size would be burned ; not so much more, however, 
but that the difference in cost would show a considerable saving 
in favor of the smaller size. But it was gratifying to find, that 
less of the smaller coal was burned and the saving in cost from 
the first change was over 50 per cent, during the year. Since 
that time the area to be heated has considerably augmented, the 
electric lighting plant has grown to five times its original size and 
the engines for power have greatly increased in number and run 
all day long instead of occasionally. And yet the coal consump- 
tion has been less and at present is no greater than it was the 
year before the plant was overhauled, reckoning from the coal bills 
of that year. 

The price of coal has varied considerably as will be seen by the 
tables, but in the graphical record this has not been considered, as 
it is but incidental to the question at issue. Coal strikes and bliz- 
zards, for instance, raise the price of coal, but do not affect the 
efficiency of the plant, which is the point under consideration. 

In order that a proper record should be kept the following form 
of record sheet was printed and hung in the boiler house and has 
been filled out regularly ever since. 
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The temperature has been taken hourly day and night from a 
thermometer hung in the shade outside of the boiler-house door, 
and a tally of the coal was kept by counting the coal trucks as they 
entered the boiler house from the coal vaults. 

These trucks were always filled until they would hold no more. 
When so filled the coal weighed net 1600 lbs. 

The hourly record of the temperature serves to apprise the fire- 
men of an impending change in the weather and a comparison of 
the coal tally with the average temperature for the day shows the 
engineer whether or not his men have done their duty; for the same 
average temperature should be accompanied by the same rate of 
coal consumption, other things being equal, unless something has 
gone wrong with the plant. 

These monthly records have been tabulated and are given here- 
with. They are more interesting when accompanied by the remarks 
from the monthly records showing the causes for certain irregu- 
larities and inconsistencies, but the limits of this paper do not 
allow the insertion of these details. 

From these tables the curves have been plotted, one pair for 
each year, the dotted line representing the temperature and the 
continuous line the coal. 

It will be seen, that as the temperature line rises it crosses the 
coal line and that there is really no relation between the two 
during the summer months when there is no heating, but at which 
time, considerable power is required for electric lighting, running 
machinery for repair shop, pumping water, ventilating, etc. 
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The relative efficiency when referred to the outside temperature 
is therefore to be considered between the curves only before and 
after the intersections of these lines. 

It is the desire of the engineer, in order to obtain the greatest 
efficiency from the plant, to keep parallelism between the curves 
and to have them as far apart as possible. In other words the plant 
should be run.Jirst, so that all the steam should be used for heating 
and thus the coal curve will rise and fall with the temperature curve ; 
and second, so that the minimum coal should always be burned and 
thus for any given point on the temperature curve- the correspond- 
ing point on the coal curve would be at a great distance from it. 

The ratio between the areas circumscribed by the curves deter- 
mines a value for the efficiency of the plant for the year,and it will 
be seen that each year has been given its appropriate figure. The 
greater this figure the better the running of the plant. 

The areas have been taken by the planimeter and the part enclosed 
by the intersections of the curves has been deducted as irrelevant. 

As has been already remarked the reading of the curves loses 
interest and even intelligibility when unaccompanied by the rea- 
sons for the apparent erratic changes in their direction, but as I 
have attempted to show only the method of keeping the record it 
has not been deemed necessary to enter into these details. 
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Yearly mean of all months, not including June, July, August and Sept., 42.21®. 



* No records were kept at this time, and the figures have been taken from the coal 
bOli. 
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I 884-1 885. 
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1 885-1 886. 
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Degrees. 



November 44<93 



December 35*70 

January 26.79 

February 2745 

March 37.6o 

April 52.87 

May 60.18 

June 68.03 

July 7483 

August 70.19 

September 65.25 

October 54.90 



Year 



51.56 



FUBU J4.«-J 



Amt. 
G. T. 



Kind. 



108.57 - 



185.70 

23571 
198.57 

15500 
80.00 

38.57 
928 

8.57 

857 
10.00 

54.29 



Lehigh Egg. 

24.41 

84.16 
Lackawana 

Pea. 
Lackawana 

Pea. 



II 



(I 



II 



II 



II 



Cost 
Per Ton. 



Q 






$4-6o 



2.80 



2.80 



I 



30 $11.60 



1092.83 



Pea. 



31 

31 

.0 

31 
30 

3' 
30 

31 
31 
30 

3< 



16.77 

21.28 

19.85 
1400 

7.46 

3.48 
.86 

.774 
.774 
.93 
4.90 




3347.934 



519.960 

659.988 

555.996 

434.000 

224.000 

107.996 

25.984 

23.996 

23.996 

28.000 

152.012 



2.84 1 365 $8.504,$3,i03.86 



Yearly mean of all months, not including June, July, August and Sept., 42.558**. 



 During this year the plant was undergoing reconstruction. 

f The figures show the effect of the work of reconstruction of the previous year. 
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Month. 



November. 



December. 
January ... 



February. 



March 



April 



May 

June , 

J-iy 

August 

September 
October ... 



Year. 



Mean 
Temp. 



Degrees. 
44.56 



29.59 
29.09 



3363 



3225 



46.33 



63.75 
69.60 

78.18 

70.01 

61.82 

52.17 



50.91 



IV.* 
1 886-1 887. 



FUBL. 



Amt. 
G. T. 



Kind. 



Cost 
Per Ton. 



71 60 I La. Pea. 
36.97 'Lh. Pea. 



J08.57 



230.71 Lh. Pea. 



38.10 Lh. Pea. 
3.00 iL. &W. Pea. 
7.00 |Lh. Nut. 
10.00 jLh. Egg, 
120.20 La. Egg. 
13.84 'Plymouth 
Pea. 



192.14 



7.16 I Ply. Pea. 

121.95 ,La. Egg. 

32.32 Ply. Pea. 



161.43 



42.68 'Ply. Pea, 
23.00 iPly. Egg. 
104.32 I La. Buckwt, 



170.00 



17.62 La. Buckwt. 
75-95 Ply. Pea. 



93.57 



30.71 

16.43 
15.71 

17.86 

25.00 

70.00 



Ply. Pea. 






La. Pea. 



(4 



1.132.13 



Pea. 



$2.80 
2.95 



2.95 

2.95 

3.75 

3.75 
5.00 

4.80 

3.10 



3 10 
5.60 
3.10 



3.10 
4.50 
3.90 



3.90 
3.10 



3.10 
4.10 
4.00 
4.00 
4.20 
4.20 




30 



31 
31 



28 



|io.28| $307,541 



2 1.95 j 680.690 
26.44I 819.759 



28.76 805.308 



3 1 I 20.73 



30 , 10.14 



31 
30 
31 
31 
30 

31 



307 

2.24 

2 02 
2.30 
350 
9.48 



376 365 1511.66 



642.656 



304163 



95.201 

67.363 
62.840 

7«.44C 
105.000 
294.000 



4.255.961 



Yearly mean of all months, not including June, July, August and Sept., 41.42°. 



* A coal strike considerably affected the price of coal during this year and the first 
part of next. 
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v.* 

1887-1888. 



Month. 



Mean 
Temp. 



Degrees. 

November 41.40 

December 33-8i 

January 22.97 

February 29.30 

March 29.99 

Apr'l 46.03 

May 58.02 

June 70-85 

July 7071 

Augu.st , 72.56 

September I 62.81 

October 48.61 

Year I 48.92 



Fuel. 



Amt 
G. T. 


Kind. 


I17.14 


La. Pea. 


167.14 


«i 


247.86 


^i 


183.57 


(1 


209.28 


u 


97.14 


Wy. Pea. 


66.43 


«i 


28.57 


«< 


19.29 


<« 


17.14 


i< 


1786 


M 


94.28 


La. Pea. 








• 






>s 


Cost 




So 


Per Ton. 








(S 


o. 



$420 
4.20 
4.20 
4.20 
4.20 

3-95 
395 
3-95 
3-95 
3-95 
3.95 
3.90 



Toial 
Cost. 



30 
31 

3' 

29 

31 
30 
31 
30 

31 
31 
30 

31 



$16.39 

22.64' 

33.58' 

26.58 

^8.35 
12.79 

8.46! 

3.76; 

2.45 
2.181 

2.35' 

11.89 



5491.980 

701.988 

1,041.012 

770.994 
878.976 

383.700 

262.398 
1 1 2.85 1 

76179 

67.714 
70.567 

367.692 



4.13 -3661 14305,226.051 



Yearly mean of all months, not including June, July, August and Sept., 38.77^ 



VI. 
I 888- I 889. 



Month. 



November. 

December 

January 




February j 27.75 



March. 

April , 

May 

June , 

July 

August. ... 
September 
October ..., 



39-74 
51.21 

63.53 
70.47 

73.21 

70.55 
65,16 

49.7a 



110.00 
160.71 
152.85 
198.57 

158.57 
10500 

59.28 

18.57 
2.00 
0.00 

16.43 
83.57 



u 



u 



Pittston Pea. 
La. Pea. 



i< 

« 
« 



314.30! 1^429.00 
20.72 626.77 



La. Pea. 



3.10 
3-90 

3-90 



31 

28 

31 
3^ 
31 
30 

31 
3> 
30 

31 



19.23" 

27.66 

19.94' 

»i.^»5' 
7.46 

1.91, 
.25 



596.11 
774.42 
618.42 
409.50 
231.19 

57.56 
7.80 



2 14 64.08 
10.56. 325.92 




Yearly mean of all months, not including June, July, August and Sept., 43 49°. 



* The cold weather of January and the blizzard of March appreciably affect the 
averages for this year. 
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VI. 

1 889-1 890. 



Month. 



November. 



December , 
January .,., 
February .. 

March , 

April , 

May 

June 

J»iy 

August 

September 
October ... 



Year. 



Mean 
Temp. 



Degrees. 
44.74 

39-97 
37.62 

37.y3 
35.59 
49.07 
6025 

70.08 

7312 
72.74 

67.13 
54.50 



Fuel. 



Amt. 
G. T. 



79.14 

'3-7" 
148.57 

167.14 

i5«.57 
212.14 

1 10.71 

64.29 

17.86 

10.71 

1357 

17.14 

100.00 



53.52 ,1123.55 



Kind. 



I. a. Pea. 



Pitts. B 



ckw't. 



L k W. B ckwt 



Buckwheat. 



Cost 
Per Ton. 



$3.90 
3.10 



255 









>» 




ca 




£Q 


• 

30 


Ok 


$12.73 


3" 


14.85 


31 


16.71 


28 


17.56 


3* 


21.21 


30 


11.44 


31 


6.43 


30 


1.85 


31 


1.07 


31 


1.36 


30 


1-77 


31 


10.00 





Total 
Cost. 



$382.14 

460.56 
518.13 
491.56 

657.63 
343.20 

199.30 

55-37 
33-20 

42.07 

53.23 
255.00 



$3-" 1365 9.71 3491.39 



Yearly mean of all months, not including June, July, August and Sept., 44.96°. 



Recapitulation. 



Years. 


Yearly mean of 
oil months, not 
induding June, 
July. August 
and September. 


Amount 

jGross Tons a 

Year. 


i,Cost per 
Ton. 


Rate per 
Day. 


Total Cost 
Per Year. 


Efficiency 
obtained 
from the 

Diagrams. 


1883-1884. 


42.21" 


1,122.08 


$4.60 


I14.IO 


$5,161.56 




1884-1885. 


3999'* 


1,563.54 


4.60 


19.70 


7,192.41 


1. 1056 


1885-1886. 


42.55° 


1,092.83 


2.84 


850 


3,103.86 


I 2250 


1886-1887. 


41.42*' 


1,132.13 


3.76 


11.66 


4.255.96 


1.3500 


1887-1888. 


38.77° 


1,264.05 


4.13 


14.30 


5,226.05 


1.2570 


188S-1889. 


43.49° 


1,065.55 


3.88 


"35 


4,140.77 


1.1840 


1889-1890. 


44.96° 


1,123,35 


3." 


9.71 


3.491.39 


1.2000 
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Note. — The areas of these curves were computed frcm diagrams laid out to a very 
much larger scale than the above, to obtain greater accuracy in measuring them by 
the planimeter. 



NOTES ON A RED SEDIMENT FORMED. IN 
A RAFFINOSE SOLUTION. 



By F. G. WIECHMANN, Ph. D. 

While engaged in the isolation of raffinose from a low beet- 
sugar, the writer incidentally obtained from the raffinose solution, 
a precipitate bright red in color, and of peculiar properties, which 
he has so far been unable to identify as one of the numerous sub- 
stances whose occurrence in saccharine solutions has been estab- 
lished. 

The incident seemed sufficiently curious to merit recording, 
and although the amount of the substance secured was, unfortu- 
nately, too small to permit of ultimate analysis or of an exhaustive 
investigation, a brief history of the case, and a description of the 
properties of the body, as far as determined, may prove of interest. 

The raw material used for the preparation of the raffinose was 
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an after-product from a German beet-sugar factory employing the 
Strontianite process. 

The sugar presented a highly crystalline appearance, and ex- 
hibited in profusion the needle formation, characteristic of products 
containing raffinose. In color it was of a dark brown. The an- 
alysis, made in duplicate, showed: 



Polarization, 
Sucrose, 
Raffinose, . 



936 


93.7 


88.2 


88.3 


2.9 


2.9 



Work was commenced on November 23, 1S88. The different 
steps taken, were as follows : 

To 6000 grammes of raw sugar there were added 6000 c.c. 
methyl alcohol. 

The solution was after some time drained off, and the sugar 
treated with an additional 4000 c.c. of methyl alcohol. 

From the 10,000 c.c. alcohol added, about 7400 c.c. were recov- 
ered. 

This solution was placed on a water-bath and the alcohol evap- 
orated completely. 

When this had been accomplished, and while the solution was 
still warm, ethyl alcohol was added until 2i permanent turbidity was 
caused. 

This precipitate was allowed to settle and was then separated 
from the clear solution 

This operation was performed six times ; the time allowed for 
settling being in each instance about 2 days. 

Then the raffinose syrup, perfectly free from alcohol, was 
drawn off. 

This syrup amounted to 200 c.c. and was divided into three por- 
tions. 

As the colored sediment was produced in only one of these por- 
tions, a brief statement of the treatment which each of these por- 
tions received, is given. 

Part I. 20 c.c. were devoted to a trial of Scheibler's method 
for preparing raffinose.* 

Treatment was commenced January 16, 1889, and by September 
5, 1889 the separation of the raffinose crystals seemed complete. 



* ZeUschrift dis Vereines fur Ruben-2u:kcr Industrie^ l888, p. 337. 
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Part II. 50 c.c. were treated as follows : 

The specific gravity of the syrup was determined to be 1.4022. 

To the 50 c.c. (70.1 1 grammes) there were added 140.22 grammes 
acetate of lead. Then absolute ethyl alcohol was added and the 
solution heated on a water-bath. 

The precipitate which formed, was filtered out, suspended in 
water, and sulphuretted hydrogen was passed in until complete 
precipitation of the lead had been accomplished. 

The sulphide of lead was filtered out and thoroughly washed 
with water. The filtrate was evaporated on a water-bath to the 
consistency of a thick syrup. This was dissolved in very little 
water, and when cold, ethyl alcohol was added, drop by drop, until 
the turbidity just continued to disappear. The flask into which 
the solution had been placed was well corked and set aside to allow 
the crystallization of its contents. On March 28, 1890, there was 
considerable of a white crystalline deposit in the bottom of the 
flask, and the sides of the flask were completely studded with 
warts of raffinose. 

Part III. On March 28, 1890, work was commenced on the 
balance of the 200 c.c. previously referred to, and it was in this 
portion that the colored sediment was developed. 

The specific gravity of the solution was 1.30642. To 97 c.c. 
ofthis solution (126.7227 grammes), 253.4455 grammes of acetate 
of lead were added. Ethyl alcohol was then added and the solution 
was heated on a water-bath. 

This treatment was repeated until all of the raflinosate of lead 
had been precipitated. 

This precipitate was then filtered out, suspended in water and 
sulphuretted hydrogen gas was passed in until all of the lead had 
been thrown down. 

The sulphide of lead was filtered out and was thoroughly washed 
with cold water. This was continued until the washings no longer 
polarized. 

To the filtrate, blood-carbon of the best quality was added ; this 
was thoroughly shaken up with the solution, allowed to remain in 
it for about 12 hours, and then filtered off from the then almost 
colorless liquid. The blood-carbon was then washed with water 
until the washings no longer polarized. 

The washings were added to the filtrate and the whole evapor- 
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ated, at a temperature of about 70° to 7^° C, under partial vacuum, 
to the thickness of a syrup. 

This syrup reacted decidedly acid, and upon testing, sulphuric 
acid was found to be present. This acid was exactly neutralized 
with barium hydrate and the precipitate of barium sulphate was 
filtered out. The filtrate, which was of a light amber color, was 
concentrated to a thick syrup by evaporation in partial vacuum. 

The solution again turned dark and again reacted slightly acid. 
Barium hydrate was once more added to neutralization; an addi- 
tional quantity of the best blood-carbon was also placed in the 
liquid, and the whole was allowed to stand at rest for four days. 

The solution was then filtered through asbestos, washed slightly 
with water and set aside. 

It would now have needed only the addition of ethyl alcohol 
and a leaving at rest to secure the crystallization of the raffinose. 

When set aside the solution was perfectly clear and of a light 
brownish color. After allowing it to stand well corked for 24 hours, 
on close inspection, it was found to contain a bright red sediment, 
in color not unlike red sealing-wax. On moving the solution the 
sides of the glass vessel were seen to be coated with a beautiful 
rose-colored film. 

The solution looked at by transmitted light was of a brownish- 
yellow color ; by reflected light the solution was opaque and of a 
very dark green color, resembling in appearance the heavy oils of 
petroleum ; looking across the surface, films of emerald-green and 
rose were visible. 

The solution was allowed to stand well corked, and at rest, for 
seven days, during which period the sediment increased. 

At the end of this time the sediment was filtered out, the filtrate 
being passed into a covered flask in order to avoid exposure to the 
atmosphere. 

This filtration yielded a perfectly clear brownish-yellow solution 
which had lost every trace of fluorescence. This filtrate, well 
corked, was set aside (June 1 8th), in order to learn whether any 
more of the colored sediment would be developed in it. 

This solution will hereafter be referred to as specimen A. 

The sediment, all of which had been retained by the filter-paper, 
was of a bright-red color, resembling in tint, as already stated, 
ordinary red sealing-wax. By reflected light it exhibited an 
emerald-green sheen. 
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This sediment will hereafter be referred to as specimen B. 

To remove all raffinose solution adhering to the filter-paper the 
sediment B was washed moderately with distilled water. The 
washings were caught and kept in a separate flask. 

These washings were preserved for three months and no sedi- 
ment having formed in them, they were then discarded. 

The filtrate (A) was inspected from time to time. The following 
are some of the entries recorded : 

June 1 8th. — Solution perfectly clear ; color brownish-yellow; no 
fluorescence. 

June 19th. — No change. 

June 20th. — Distinct though thin layer of sediment has formed, 
adhering uniformly to all parts of the glass in contact with the 
liquid. 

June 2 1 St. — Sediment slightly increased. A green fluorescence 
of the solution is noticeable. 

June 23d. — Sediment increasing. Distinct rose layers on sides 
of vessel. The solution is brownish-yellow by transmitted light, 
and dark green by reflected light. 

These observations were continued through July and August. 
The rose-colored sediment in the solution gradually changed in 
color to a rich brown. At the beginning of September it was 
noticed that white round disks, which seemed to be mould forma- 
tions, appeared floating on the surface of the solution. Fearing a 
possible destruction of the colored precipitate at the bottom of the 
flask, these disks were removed and the sediment filtered out. 

This sediment was marked specimen C. 

The solution after the sediment had been filtered out, was of a 
dark-brown color, and without any fluorescence. 

It was treated with absolute ethyl alcohol, and after standing a 
few hours yielded a copious brownish-gray precipitate which should, 
and probably will prove to be, raffinose. This precipitate, however, 
yet awaits purification and recrystallization from alcohol. 

The red sediment first obtained, specimen B, was for months 
preserved practically unchanged. It was kept on the original filter- 
paper, of course carefully protected from the dust. 

Examined under the microscope with low powers (f and t ob- 
jectives with respectively the A, B and C eye-piece) the substance 
exhibited an appearance like scales, partly round, partly angular ; 
no crystalline system could be distinguished. 
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When submitted to examination by a Zeiss immersion lens the 
sediment was found to consist of small plates and rod-like forma- 
tions. 

It was impossible to determine with certainty whether the rod- 
like formations were bacteria, or of crystalline structure. 

The deposit is however, probably, a chemical precipitate. Dr. 
A. A. Julien, who also kindly examined the specimen, expressed 
this view, which is strengthened by the following considerations : 

1. The sediment was formed in the liquid, preferably on the 
sides and bottom of the flask, whereas most chromogenic bacteria 
are aerobic, and hence would display greatest activity at the surface 
of the solution. 

2. The sediment is insoluble in alcohol, whereas bacteria colors 
are soluble in this reagent. 

3. The rods vary considerably in size, whereas bacteria would 
exhibit fairly uniform dimensions. 

As this colored sediment was not formed in either of the two 
preceding portions of the raffinose solutfon, but only occurred in 
that portion which was decolorized with blood-carbon, it was 
natural to suspect that this reagent might have been the source of 
the sediment in question. 

Haematin was looked for in a hydrochloric acid solution by the 
spectroscope (absorption bands), but with negative result. 

Attempts were then made to obtaim haematin from some of the 
blood-carbon by treatment with acetic acid and ether. This also 
failed to yield even a trace of the substance sought. 

The supposition that this sediment is haematin will, therefore, 
have to be abandoned, although some of the reactions given further 
on would point to a body of this nature. 

Subjecting the blood-carbon to treatment with twenty times its 
volume of 75 per cent, alcohol, and subsequent addition of barium 
hydrate — a repetition of the conditions of the experiment, but in 
the absence of the raffinose syrup — also failed to produce the col- 
ored sediment, thus proving that these reagents alone could not 
have given rise to its existence. 

Various reagents were tried in the attempt to find a solvent for 
the sediment. It was found to be: 

Soluble in hydrochloric acid, concentrated. 

Soluble in nitric acid, concentrated. 

Soluble in sulphuric acid, concentrated. 
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Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 



in acetic acid, concentrated. 

in turpentine. 

in ethyl alcohol. 

in methyl alcohol. 

in water. 

in sucfbse solution, concentrated. 

in ether. 

in amnionic hydrate, concentrated. 
A test made with a hydrochloric acid solution of the sediment 
showed it to be inactive to polarized light. 

On burning some of the substance on platinum foil a small resi- 
due remained ; this gave a distinct reaction for iron, an impurity 
introduced by the barium hydrate which had been used for neu- 
tralization. 

Tests made on the hydrochloric acid solution of the sediment 
proved the presence of barium and iron, and the absence of cal- 
cium, potassium and sodium. 

In the absence of data obtained by ultimate analysis it would be 
idle to speculate on the nature of this substance, remarkable for 
its fluorescence and brilliant color. As, however, its properties 
seem to differ from those of any body known to occur in saccha- 
rine solutions, it seems permissible to assume, that it is either some 
substance hitherto entirely unknown, or else a new derivative or 
compound of raffinose. 



THE WIND PROBLEM IN GUNNERY. 

By LIEUT. JOHN W. RUCKMAN, U.S.A. 
(Continued from Vol. XI., p. 328.) 

Part II. 

Analytical Investigation, 

The preceding pages have been devoted to showing the incon- 
sistencies of current theories and their inefficacy to explain the 
deviating effect of wind on a moving projectile. The following 
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pages will be occupied in investigating and discussing the problem 
from an entirely different standpoint. In this discussion wind- 
pressure does not appear, and the writer does not hesitate to assert 
that the wind cannot produce side pressure on a moving projectile. 
That is, pressure as would appear upon the side of the projectile 
if at rest. 

Before going directly to the effect of wind upon a moving pro- 
jectile, a few familiar examples will illustrate and simplify the sub- 
ject and help to introduce it. Let us take the case where rain is 
falling straight downward. W^ all know that if we run rapidly 
through it, the drops will strike us from in front and downward. 
No drops can then strike us directly from above. The inclination 
to the front will depend upon our own rate of speed, and could 
we move so fast that our own motion would be great compared to 
that of the falling drops, they would strike us almost directly in 
front. 

The same effect may be witnessed on a ship when a wind is 
blowing across her course. A pennant attached to her niast as- 
sumes a position which does not coincide with the direction of the 
wind nor with that of the ship's motion, but takes up a direction 
which is the resultant of the wind's velocity and the apparent 
backward motion of the air. 

A similar effect in astronomy is known as the aberration of 
light. The light wave from a heavenly body advances toward the 
earth at the rate of 185,000 miles per second. The earth's orbital 
velocity, though small compared to that of light, is still appreci- 
able. An eye moving with the earth cannot receive the direct ray 
from the star, but must receive the light from a point in the light 
wave slightly in advance of the earth. This point will be found 
on the resultant of the velocity of light and the relative backward 
motion of the luminous undulations in front. The backward 
motion is equal to the earth's orbital velocity. 

Were the velocities of the earth and light interchanged the star 
would be displaced nearly 90°. 

Now, what takes place in the preceding examples is similar to 
what must take place with the air's side motion when taken in 
conjunction with the forward motion of a projectile in flight. 

The wind has a velocity f'^ and is blowing obliquely to the 
plane of fire. Let the angle it makes with this plane be denoted 
by ^. The air, therefore, has a proper motion of its own and the 
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particles impinge upon the projectile with a velocity V^, At any 
point in the trajectory the air will also be impinging upon the 
projectile directly in front with a velocity equal to that in the pro- 
jectile. Thus we see that the air has two motions : the one rela- 
tive and in the direction opposite to that of the projectile, the 
other along the direction of the wind. 

These two distinct velocities are the components of a resultant 
velocity of impingement. 

This resultant velocity is easily determined. Construct a paral- 
lelogram upon the two component velocities of impingement. 
The diagonal of this figure gives the intensity and direction of the 
resultant. The resultant resistance to the projectile's motion acts 
along this line, and is consequently oblique to the line of the pro- 
jectile's motion. The angle between the direction of the projec- 
tile's motion and the resultant resistance is here called '* the obli- 
quity of the resultant." 

Thus disregarding all reactions of the particles among them- 
selves, we consider the air as a moving fluid which impinges upon 
the projectile along a certain line and with a definite resultant 
velocity. 

The oblique resultant velocity and resistance briefly express the 
theory whose development and elucidation will now be given. 

Taking this brief statement as the fundamental principle, we 
shall discuss the problem analytically and deduce the laws which 
result therefrom, and shall point out the method of applying them 
practically to the problem now before us. 

Denote the projectiles remaining velocity by v and resultant 
velocity by V^ and we obtain from the parallelogram of velocities 

l\=z \v^ + V* -^ 2v V^ cos d. Cos d will be positive when the 

wind's direction falls in the first or fourth quadrant, and negative 
when it falls in the other two. The resultant resistance being ob- 
lique to the projectile's motion has a component perpendicular to 
its path which constantly acts as a deviating force. It is clear 
that under the action of this component the projectile must depart 
more and more from the plane of fire. 

In order to express the different quantities mathematically, let 
R be the general expression for the resistance and R^, R^, R^, 
. . , , Rj, the mean resistances over the ist, 2d, 3d, ... . nth hun- 
dred yards respectively. 
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Denoting the angle of obliquity by ^, then s^i, ?'2t ^s • • • • f n will 
correspond to R^^ /?2» -^3 • • • . -'^n • • • • 

In Fig. 2 construct parallelograms of resultant velocities at 
B^, B2, -^3 . . . etc. The sides of the parallelograms are the corre- 
sponding remaining velocities of the projectile and the constant 
velocity of the wind. 

At B2 the following relations are easily obtained : ^2 ^^^ (90° — 
^2) = B2 D^, and B^ D^ cos tp^ =^ B^F^:^ P^^ the deviating compo- 
nent at B^. Again, cos (90° — ^ 2) = -^^'^ ^2* ^'^^ ^2 = -^2 -^^^ ^2 ^^^ ^2 

5/;/ ^, ^^j ^2 = ^ -^^'^ 2sp2f and /^ = ^ -^2 ^^^ 2 ^2- 

At -ffj, similarly P^^=z y^ R^ sin 2 ^3, and generally P= ^^ 
jm 2 ^. 

Now, as the wind is invariable in direction, and as P is con- 
stantly moving the projectile away from the plane of fire, the pro- 

FiG. 2, 




jectile, always moving tangentially to its trajectory, will be gradu- 
ally changing its direction with respect to that of the wind. 

Thus, if the wind be blowing perpendicularly to the plane of 
fire, the projectile's motion will soon make a small angle with that 
plane and ^ will no longer be 90°. 

Although this does actually take place in practice, the change 
will always be so small that it may be neglected ; for the range 
must always be great compared to the deviation, and the angular 
departure will be small. At a range of 3500 yards, 150 yards 
deviation will give an angular change of 2° 30'. We know from 
experience that for the 15-inch solid shot not less than a sixty-mile 
wind, blowing directly across the range, would be required to give 
a 150 yard deviation. In such a wind the apparent angular change 
in the wind's direction will not be more than 2® 30'. Now, let us 
see how much such a change will affect the deviating component 
of the wind's velocity. To do this we have only to multiply 60 
by the cosine of 2° 30', or 60 X 0.99905 = 59.943 miles. This 
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differs from 60 by 0.057 ^^ * mile, a quantity probably less than 
the ordinary anemometer will register. 

As the wind's velocity decreases the error will be less in the 
same proportion, and also from the cosine of the change being 
nearer unity. For a thirty-mile wind, blowing as above, let us as- 
sume 75 yards deviation, giving 1° 15' change ; then 30 X 0.99976 
= 29.9928 miles deviating component. 

When the wind's direction falls close to the plane of fire changes 
nj are of greatest importance, but in such cases the deviations 
will always be small and the angular change almost nothing. 

These illustrations show conclusively that in the following dis- 
cussion the projectile may, without material error, be considered 
as always moving in, or parallel to, the plane of fire. 

The obliquity of the resultant will, therefore, be found under the 
supposition that the wind's direction remains unchanged during 
the flight of the projectile. 

Although the angular change just mentioned does not appreci- 
ably affect the obliquity of the resultant, there is a cause which 
constantly changes its value. From the parallelogram of veloci- 
ties, Fig. 3 : 

V^ sin d 



J 



Sin ^ = \ ^ -^ VI -\- 2 V V„ cos d, or the deviating compo- 



nent of the wind's velocity divided by the resultant velocity. In 
this value of the sin ^, v is the only variable. During the flight 
V continually decreases, and 9 and sin <p continually increase. The 



Fig. 3. 




A 



resulting resistance, being a function of some power of F^, will 

decrease with v. Thus, we see that while the resultant resistance 

is rapidly decreasing with 7;, the angle of obliquity is increasing. 

The deviating component is always varying with the product of 

the two. 
For all values of v, with modern guns, sin <p will be very small. 
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For example, in a sixty-mile wind, making a right angle with the 
plane of fire, the deviating velocity of the wind is 88 feet. This 
deviating velocity, taken with a remaining resultant velocity of 880 
feet, gives sin ^ = 0.1. When the wind makes an angle of 45® 
with the plane of fire F«, cos d and V„ sin d are each equal to 88 

X 0.707 1 1 = 62.23 fe^t- 

Taking v at 1000, when the wind blows into the first or fourth 
quadrant, sin oi <p = 0.0585. When in the other quadrants, two 
and three, sin ip == 0.06625. It will be observed that both these 
values are less than o.i. We will, therefore, take o.i as the supe- 
rior limit for sin <p. 

Referring to a table of natural sines, we find that sin 5® 44' is 
0.09990, or about O.I. The sine of double this angle {sin 11° 28') 
is 0.19880. Then half this, or 0.09940, is yi sin 2 (5° 44'). 
Now, 0.09990 — .09940 is equal to 0.0005. In this extreme case 
we see that sin <p and yi sine of twice if differ only by 0.0005. It 
is, therefore, plain that for all values of <p and sin ^, with which 
we have to deal in practice, sin <p may be substituted for ^ sin 2 f> 
without appreciable error. 

Making this substitution in P z=z y^ R sin 2 ff we have P^= 

V sin S 
R sin tp = R ,- ~" " ., - — fy for the force which con- 



J" 



+ Vi + 2V K, COS d 



stantly carries the projectile away from the plane of fire. 

Since the resultant resistance acts along the line of resultant 
velocity, and since the inclination of this line can always be deter- 
mined, the retarding and deviating forces can easily be computed. 
Ingalls' Exterior Ballistics gives the following formulas (Mayev- 
ski's) for the resistance to a spherical projectile. For velocities 

A in 

greater than 1233 feet 7?= — ^ • — • v^ \n which the logarithm of 

-4 is 6.3088473 — 10; c = y • —jy In these expressions ^i = 

standard density of air; ^ = density at time of experiment; w = 
weight of projectile in pounds; rf= diameter of projectile in inches; 
and c for spherical projectiles is equal to unity; g =, 32.16; and v 
is the remaining velocity in the projectile. 

For velocities less than 1233 feet R is equal to 

Aw/ . ^' 



f± w ( . ^ \ , 



C 
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in which log -^=5.6029333 — 10; and r= 610.25 ^^t; other 
quantities same as above. 

To adapt these formulas to the computation of the resistance 
when the wind enters the problem, it is only necessary to substi- 
tute Fjj = \ 7/^ + V„ + 2 V V^ cos d for v. 



= J^ 



Making this substitution in the above formulas and multiplying 
R by si/i <p, we have : 

R sin ip = y,- Vr V^sin d for velocities above 1233 feet, 

and R sin <p = P=Y^- (i + — ^ ) V^ V^sin ^ for velocities be- 
low 1233 feet. 
From Fig. 3 we have cos <p = , and for the retard- 

Vr 

ing force we have R cos *p = -^ — Vr {v + V^ cos <J), and 

Rcos<p = ^^- {i^K^) Vr{v^- V^cosd) 

for velocities greater and less than 1233 feet, respectively. 

The formulas are quite similar. The difference between those 
giving the deviating and the retarding forces is that the last fac- 
tors in each case are the deviating and retarding component ve- 
locities of the resultant velocity. 

It will be noted that V„ sin d is also the deviating component 
of the wind's velocity. 

So far theory has been adhered to closely, which indeed was 
necessary to thoroughly elucidate the subject. In some cases 
many minor considerations may be neglected. The application 
of the preceding discussion to the example taken in Part I. will 
illustrate the value of this investigation. 

It is to be regretted that the data given in Ordnajice Note 191 
are not sufficiently complete to allow a careful solution by the 
method just outlined. 

Perhaps the best we can do now is to take the same gun and 
projectile fired under the present conditions. The charge for this 
gun (15-in. S. B.) is now 130 pounds of sphero-hexagonal powder 
giving an initial velocity of 1706 feet. Let us take the wind the 
same as in Part I. ; Elevation 5° ; Range 3000 yds. 

Let the range be divided into thirty equal parts, and the remain- 

VOL. XII. — 4 
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ing velocities and the times of flight corresponding to each of these 
divisions be determined. The mean remaining velocity over any 
section is taken as the mean of the velocities at the extremities. 

Knowing the mean remaining velocities at the middle points of 
tl^e sections and the direction of the wind at each of these points 
the corresponding resultant velocities and resistances are easily 
constructed. Lay off from the middle point of each section its 
mean remaining velocity in the direction of the projectile's motion, 
and through the extremity of this line draw a line parallel and 
contrary to the wind's direction, and on this line lay off the wind's 
velocity. The diagonal joining the extremities of these two dis- 
tances gives the resultant velocity. These diagonals intersecting 
consecutively form an envelope which shows the direction of the 
resultant resistance for any point. From any point in the range 
draw a tangent to this curve and it gives the required direction. 

We are now prepared to compute the ordinates of the wind 
curve. In order to do so the deviating force for the middle point 
of each hundred yards is determined. These pressures are found 
under the supposition that the mean velocities obtain during the 
projectile's short passage over the corresponding sections. The 
values of P found in this manner are assumed constant while act- 
ing during the times and over the spaces just mentioned. The 
deviations are in this manner integrated mechanically. 

The wind velocity denoted by F„ is 14.667 feet per second. 

Let us assume the following notation : 
T/«= 1706, initial velocity. 
v^v%v^ . . . . ^^„, the remaining velocities at ist, 2d, 3d 

. . . . and nth hundred yards respectively- 
/^i, /^2. -^8. • • • • Pn^ the deviating forces over the parts just 

mentioned. 
7|, 7"j, 7^3 7^, the times of flight corresponding to 

^l> ^2» ^'s> • . . . Vj^, 

t^J^^t^ /„, the intervals of time in which the projectile 

passes the sections corresponding to their subscripts, 
z'/, v\^ z/'j, .... v\, the deviating velocities impressed upon 

the projectile in the times /j, t^J^, etc. 
•^ii •^2» -^s* • • • • •^*» ^^ corresponding spaces. 
V\y\y\ F\ and 5i,5„53 5,, the 

total side velocities and spaces deviated in the times TJ, 7^, 7,, 

. . . . 7^". 
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From the nature of this notation ty= T^; /, + /j =/, + 7] = T'j ; 

tt+ 7i = ^j ; etc. 

v',= V,;v',+ z\-=v\ + P, = P,; v\ +V,= V„ etc. 

J, = 5i ; Ji + J, = Jj + 5, = 5, ; .y, + 5, = ^j, etc. 
Resuming the equation, 

D^^ w \v' + V^ + 2v V, COS t ( F, «•« 3). 
Since ^ = 90°, j/« ^J will be unity and cos <J = o ; hence 

Assuming a low remaining value for v^ say 1000, the radical 
becomes 



l(ioooy + (14.667)^= \i 



oooy + (14.667)"= |iooo2i5= 1000.10. 



From this it appears that for the small velocity ofz;== 1000 
feet, the radical expression differs from z^ by a quantity so small 
that it can be neglected without materially affecting the result, 

and we may write v for 1^* + VI in the value of P, This sub- 



•/ 



stitution gives the formula /'= -p,. - ta I^. A simple calcula- 
tion will now give the values of /\, ^„ ^a . . . . P^> These 

are found to be 34.52; 33.51; 32.54; 9.4I pounds 

respectively. 

Having the values of the deviating forces at the different points 
above mentioned, the values of v' and s are easily calculated from 

P P ^ 

T^ /= z^, and ij7*-r ='y« Following this method and making the 

necessary computations for 3000 yards, the total deviation ^30 is 
found to be 54.264 feet, or i8.o38 yards; giving a coefficient of 
1.8 1 yards. 
Having found this deviation for a ten-mile wind, it may be inter-. 

P^T ^ 
esting to use it in the formula ~^''~ ='^'30= S4.264, and deter- 
mine the value of P^, Thus doing, P^ is found to be 23.2 pounds, 
and is the constant force which, acting for 8.125 seconds, will de- 
viate the shot 18,088 yards. It maybe remarked, also, that the 
mean of the thirty values, P^, P,, P^, .... P^ is 20.42 pounds, or 
about three pounds less than 23.2. The correct deviation is there- 
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fore greater than that (15.9S yards) produced by the mean 20.42 
pounds acting for the same time. This is the necessary result of 
the greater forces acting first, and impressing the greatest side 
velocities on the projectile at the start, the effect of which is con- 
served throughout the flight. 

It is also worthy of note that the mean of P^ and P^^ is 22.15 
pounds, and as a constant force during flight corresponds to 51.88 
feet or 17.3 yards. 

The value of v* for each hundred yards at the beginning is 
about 0.44 of a foot, but after about say a thousand yards, it de- 
creases until at the 30th hundred yards the value of 1/^ is about 
0.24 feet. The total value of the side velocity is 10.8 feet. Com- 
putation shows that at 4000 yards the projectile has a side velo- 
city of 13 feet, and at 5CXX) yards a velocity about the same as 
that of the wind. After this the side velocity goes on slowly 
increasing. 

The computation of deviations by the method just described 
requires great labor. 

This method of computing them elucidates clearly the theory 
and successive action of the wind and its effect upon the projectile,- 
but a much easier and better method can be applied in the calcu- 
lation of the tables requisite to give this discussion practical value. 

It will be observed that the greater the value oiv in the expres- 
sion for the sine of <p the smaller <p becomes. For the remaining 
velocity with which modern projectiles move (especially rifle pro- 
jectiles) <p and sin tp must be small, and cos 9 differ little from 
unity. R cos <p, except in >?ery high winds and low remaining 
velocities, will be sensibly equal to R. Therefore, tjie retardation 
in velocity in passing over a short interval of space will be the 
direct measure for the effect of the resultant resistance over that 
distance. To find the deviating velocity impressed while the pro- 
jectile is passing over the same space, it is only necessary to mul- 
tiply the retardations found in the firing tables by sin <p. The sum 
of these partial velocities will give the total deviating velocity. If 
for any reason it may be desirable to be absolutely accurate, we 
must multiply the retardations by tan ^. To obtain the space 
described or value of 5 for any section, we have only to take the 
mean of total side velocities at the extremes of the section and 
multiply it by the time of passage. The sum of all these differ- 
ential spaces gives the total deviation. 
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This is an elegant method of computing the projectile's deflec- 
tion from the plane of fire. The practical effect is to make the 
projectile's deviation vary with its retardation. 

Having given the preceding explanation of the theory advanced 
in this paper, we are now prepared to- deduce some very interest- 
ing and important conclusions relating to the wind's effect upon the 
flight of a projectile. 

/> = ^ !? W+~^V\} +2V Kcosd ( V„ sin d) 






is the general equation for the value of the deviating component. 
As cos (i will be positive when the wind strikes the projectile any- 
where on its front, i.e., striking it in the first or fourth quadrant, 
the value of the radical will be greater than it would be for v alone. 
When the wind blows upon the projectile from behind or strikes 
it in the second or third quadrant — except when VJ = or > 2 I^x/ 
cos fi, or when P^ = or > 2 Z' cos <J, the radical will be less than 
for V alone. V^, sin d for a given wind will be constant. It is 
clear, therefore, that the deviating forces are slightly affected inde- 
pendently of the deviating component of the velocity, and that the 
deviating force will be greater when the wind has a retarding com- 
ponent than when it has an accelerating one of the same inten- 
sity. It is also clear that the deviating force will increase more 
rapidly than the wind's deviating component for winds with retard- 
ing components, and less rapidly than the component for winds 
with accelerating ones. The effect of the terms in the radical will 
never be great except for enormously high winds. For low winds, 
as in the example just considered, where the radical differs inap- 
preciably from V, Pv/Wl be = ^.— v V^sin 3. 

In this equation P varies directly with V^ sin <\ the deviating 

P (Cs 
component of V^ Now n/r^^^rfi expresses the relation between 

the variable force Pand the acceleration impressed upon the mass 
M, From this we see that the acceleration for the same mass will 
vary directly with the value of P. Therefore, as /^varies the ac- 
celeration of the projectile sidewise varies directly with it. Accel- 
eration being the velocity impressed in a unit of time, it follows 
that the spaces described must vary directly with acceleration and 
the accelerating force. 

Thus, it follows that for all cases to which /'= ->,. — t> V^ sin ^ 

C g 
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applies, the pressure and deviations will vary directly with V^. 
Therefore, if V^ increases to twice its original value, the deviation 
will be doubled. From this we obtain the rule that in moder- 
ate values for V^, deviation varies directly with the velocity of the 
wind. 

Now, passing on to higher winds, since, as just shown, the devi- 
ating force for head winds increases more rapidly than the velocity, 
deviation must follow the same laws, and for all winds with accel- 
erating components the converse is true. 

These deductions are independent of any increase or decrease 
in the time of flight. 

The law that deviations are proportional to the wind's velocity, 
though not theoretically true in any case, will apply practically 
whenever tan <p may be substituted for sin <p without appreciable 
error. It is highly probable that all deviations follow this law so 
closely that no variation from it will be sensible in practice. 

The Fish-tail Wind. — By this we mean a wind whose capri- 
ciously varying direction makes at any instant but a small angle 
with the plane of fire, changing constantly and quickly from one 
side to the other, as does a fish's tail in swimming. 

Without doubt this is the most troublesome wind to riflemen 
and gunners. In such a wind it is almost impossible to obtain 
uniform results. The extreme changeability of its direction 
causes these well-known irregularities, but so far it never has 
been very clear why a change of a few degrees, when <5 is small, 
should be so important, while the same change when ^ is large is 
comparatively unimportant. 

This apparent anomaly is clearly accounted for by the preced- 
ing theory, and is explained by the following considerations. We 
have seen that deviations vary almost directly with V^ sin fJ. Now, 
if V be constant and ^ be variable, as in the case of the fish-tail 
wind, the greatest change in the sin «5, for equal increments or 
decrements of 5, take place when 5 is near o° or i8o°, or when 
the wind's direction is nearly coincident with the plane of fire. A 
few degrees change in ^, under such circumstances, will fully 
account for the apparent eccentricities of the shots. 

A simple example will illustrate this. 

In Fig. ^^ AT represents the range. A is the position of the 
gun and 7^ of the target. Let ATht three thousand yards. Let 
WA show the direction of the wind making an angle of lo^ with 
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the plane of fire. Let V^ be 25 miles an hour. Then 25 X sin 
10° =25 X 0.17365 = 4.341 deviating component. As shown, 
the coefficient for the 15-inch gun is 1.8 yards at 3000 yards 
range. Then 4.341 X 1.8 = 7.81 yards for the wind allowance, 
to the right. If, just after the gun is aimed and before it is fired 
the wind should change to W^A, making an angle of 5° with AT, 
the wind allowance during flight should be only 25 X O.08718 X 

Fig. 4. 




1.8 = 3.92 yards. The projectile must then fall 7.81 - 3.92 = 3.89 
yards to the right of the target. 

In aiming for the second shot suppose the wind be at AW^. 
The correct allowance is then 3.92 yards to the right. After aim- 
ing and before firing let the wind shift to A W^, making an angle 
of 10° on the other side. The gun being aimed 3.92 yards to the 
right, and the changed wind deviating the shot still other 7.81 
yards, the shot will strike 1 1.73 yards to the right of T 

On the other hand, if the wind's general, or average, direction 
be nearly perpendicular to the plane of fire, small changes in 9 
cause scarcely any change in the deviation. Suppose ^ = 80° and 
suddenly becomes 85°, the effect upon deviation, for the same wind 
as before, is only 0.5 of a yard. In the case just cited above, the 
same angular change caused a deviation of almost 4 yards. A 
change of the wind from 85° to 90® would give a difference of 
about 0.17 of a yard. 

We see from this that as the wind blows more nearly perpen- 
dicularly to the plane of fire, the less effect will small angular 
changes have upon the deviation. Small changes near the perpen- 
dicular may be neglected, but when the wind is nearly parallel to 
the plane of fire these changes are of great importance. 
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Before concluding this paper a brief comparison of the coefficient, 
1.8 1, with the coefficient determined at Fort Monroe, may be in- 
teresting. Since the conditions are not the same we cannot ex- 
pect the same results, but there exists a certain agreement between 
them. Inasmuch as the initial and remaining velocities for these 
experiments are not given, our comparison will not have the weight 
it should have. One marked difference in the circumstances of 
fire is the time of flight. In the experiment it was 10.83 seconds ; 
in the computations resulting in the coefficient 1.8 1 it is 8.125 
.seconds. In the former the density of the air is represented by 
0.937, in the latter by " unity." These, with other less important 
differences in the two cases, render exact agreement impossible. 

From the range, 3103 yards, and the mean elevation of 8° 43' 
the initial velocity was found by trial to be 1370 feet, and the re- 
maining velocity at that range to be 741. i feet. From these ve- 
locities the time of flight was computed and found to be 9.898 
seconds. Having obtained these from the data given in Ordnance 
Note 191, we may make an approximate comparison between the 
two examples. 

We find, by following the approximate method illustrated above, 
that the mean of the deviating pressures at the extremities wof the 
trajectory is 16.39 pounds. This force considered constant and 
acting on the projectile for 9.898 seconds gives a deviation of 18.99 
yards. 

For the observed time of flight this force gives 22.73 yards. 
When the initial velocity is 1706 feet, we find for same range and 
atmospheric conditions that the mean of the extreme deviating 
forces is 20 89 pounds. These pounds acting during 8.41 seconds 
as a constant force give a deviation of 17.05 yards. The true 
deviation for these atmospheric conditions would be 1 8.1 17 yards. 

Now, since the approximate method gives about i yard less than 
the true one, we may reasonably infer that in the other case 18.99 
is also a yard less than the correct value ; therefore, 20 yards is not 
far from the total deviation in a ten-mile wind, nor 2 yards far from 
the correct coefficient. 

So far as this comparison goes it confirms the preceding theory, 
but it is too indefinite to be of special value. 

The most important facts connected with lateral deviation being 
thus brought out, without extending the investigation farther, let 
us pass to the most important conclusions. 



THE WIND PROBLEM IN GUNNERY. 57 

1. The lateral deviation of a projectile under the action of a side 
wind is not the result of wind-pressure, but of a kind of drifting 
motion, caused by a developed oblique resultant resistance. 

2. Deviation is a ballistic problem and must be solved as any 
problem in ex^erior ballistics. 

3. Deviation is a function of the remaining velocity of the pro- 
jectile ; any circumstances affecting this velocity changes the de- 
viation. 

4. Deviation is a function of the time of flight, and increases 
rapidly as the time increases. 

5. For moderate winds, deviation varies directly with the wind's 
velocity ; and in general, when the tangent of <p may be substituted 
for the sine of ip without appreciable error, this law obtains. 

6. In high winds, independent of any change in time of flight, 
deviation is greater for winds that retard than for those which ac- 
celerate ; and in the former, deviation increases more rapidly, and 
in the latter less rapidly than the wind's velocity. 

7. When the wind's direction falls near the pbneof fire, changes 
in ^ are of greatest importance, and cause irregular results. 

8. Other things being equal, deviation varies inversely as the 
weight of the projectile. 

9. Deviation varies almost exactly with retardation of the pro- 
jectile's velocity. 

10. Deviating components of the wand's velocity increase the 
resistance and time of flight. This results from the projectile being 
forced to follow a horizontal curve, which is a path of greater re- 
sistance than a plane curve. Gravity affects the projectile's flight 
in the same way, but in a greater degree, giving the projectile a 
curved instead of a straight path. As, on account of gravity, we 
must aim above the object, so, on account of the wind, we must 
aim to windward to strike it. 

For simplicity the spherical projectile has been taken to illustrate 
this subject, but the deduced results apply to all kinds of projec- 
tiles ; indeed, to all bodies moving in a fluid itself in motion. 

The discussion in this paper is occupied almost exclusively with 
lateral deviation. 

The effect of the wind upon the projectile's velocity and range 
is also involved in this investigation. The longitudinal effect is 
not less interesting or important than the lateral, and is reserved 
for future development. 
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The theory accounts for all the wall-established facts connected 
with the wind's influence upon a moving projectile, and predicts 
others which will probably be confirmed by careful experiment. 

It is to be hoped that the needful experiment-s will soon be made, 
for whatever may be the promise of a theory, a satisfactory con- 
firmation of its conclusions can only be reached by trial. We 
cannot overestimate the beneficial and economic results that would 
follow an early settlement of this subject. 
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[Analytical Chemistry, by E. Waller ] 

New Appliance for Detection of Hydrocarbons and other Combustible 
Gases when in Admixture with the Atmosphere, 

This p>eculiar form of gas-testing apparatus is intended chiefly for 
the detection of suspected escapes of coal-gas when in confined spaces, 
such, for instance, as private houses, laboratories, etc. 

If asbestos (for convenience sake in the form of yarn) be introduced 
into a solution of platinic chloride, and, after drying, ignited in a closed 
crucible, the substance, as is well known, has conferred upon it the 
property of condensing gases upon its surface, due to the impregnation 
of what is known as platinum black. This method of rendering as- 
bestos sensitive is, however, attended with several inconveniences, both 
on account of the disengagement of acid during ignition, thus render- 
ing the texture rotten, and at the same time retarding surface-action by 
the formation of magnesium salts. The writer has substituted with ad- 
vantage for the chloride that of platinic oxalate, and by so doing has 
obtained a modified action of peculiar sensitiveness. This compound 
is readily procured by saturating asbestos yarn of finest quality with a 
strong solution of platinic oxalate, obtained by dissolving the hydrate of 
that metal in oxalic acid and, after drying, igniting the same in a por- 
celain crucible. If a sample of so-prepared asbestos be now introduced 
into a mixture of hydrogen and oxygen gases,combination at once takes 




place, accompanied by the usual phenomenon ; but if the said mixture 
he now replaced by one of coal-gas and oxygen, no action results. 
Withdraw now the sensitive wick and heat to 80° F. and replace the 
same in the mixture, the wick is quickly raised to incandescence, and 
continuesas long as the slightest mixture of gas remains; so sensitive, 
in fact, is the reaction that 0.5 per cent,, by volume of coal-gas or other 
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hydrocarbons, when in admixture with the atmosphere, is at once 
readily detected. 

The figure on page 59, representing a section of the apparatus when in 
use, will perhaps serve to more clearly demonstrate the same, a serving 
as the basis or reservoir of the lamp, and containing petroleum spirit, 
which is employed as a fuel for the same, and surmounted by a gallery 
running round the upper part and pierced with two apertures at B b, in- 
tended to collect the air desired when applying the chimney, c. In 
using the apparatus the wick, consisting of platinized asbestos, is first 
inserted in its holder and a light applied to the same. The flame caused 
by the combustion of the petroleum spirit may be now conveniently ex- 
tingished, leaving the uppermost part of the wick red-hot, which con- 
tinues to glow while any petroleum spirit remains in the reservoir. 
While the wick is still glowing there is placed over it the copper thim- 
ble, D, which is perforated with numerous small holes, and containing a 
further coil of platinized asbestos, e, in close proximity. 

The reaction may thus be readily explained : The heated asbestos, 
fed by the petroleum spirit, naturally produces sufficient heat to main- 
tain the secondary coil at E to a temperature required for producing 
effects when in contact with hydrocarbons. If the so-prepared lamp be 
now introduced into a room where an explosive atmosphere is prevalent, 
the glass chimney at once samples the atmosphere by causing an up- 
w^ard draught, the which, passing over the heated coil immediately raises 
the same to incandescence. — H. N. Warren, in Chemical News, ]\int 13, 
1890. 

Impurity in Hydrodisodic Phosphate. Schlagdenhauffen (y. Pharm, 
[5] xxi., 99V A soluble magnesium phosphate has been found as 
impurity. The solution of the salt mixed with NH^Cl and NH^OH 
should be allowed to stand 24 hours before using. 

Impurity in Nitric Acid. Huxley (C//<f/«. News^ Ixi., 289"). Sulphates 
were found to be present, derived from the bottles in which the acid 
was supplied. In the particular case cited, the greenish glass bottles 
contaminated the acid, whereas the bluish glass bottles did not. 

Purification of Sulphuric Acid for use in the Kjeldahl process. Moritz. 
{J. S. C. /., ix., 443.) The method of digestion with a small amount 
of potassium nitrite has been adversely criticized by Prof. Lunge. Ex- 
periments are quoted to show that whatever compounds may be formed, 
acid treated in this manner introduces no error when applied in the 
Kjeldahl process. 

lodometric Acidimetry and Alkalimetry. Groeger (Berichte, xxiii. 
i4oi\ The reaction involved is: KIO, -f 5KI -|- 3HJSO4 = 3K,SO^ 
4-3H,0-f-Ig. The solutions used are: Tenth normal thio-sulphate ; 
tenth normal sulphuric acid, and a neutral solution of KI + KIO3. On 
adding a known amount of the sulphuric acid (sufficient to make the 
solution decidedly acid) the excess may be titrated by the use of the 
iodide-iodate solution and the standard thio-sulphate solution. Acids 
may be titrated directly. 
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Aluminum in Commercial Aluminum, Klemp {Fres, Zts. Anal, 
Oum,j xxix., 388). About i g. of the finely divided sample, is treated 
with strong potash solution (35 gms. in 100 c.c"), a little water is added 
and then some vaseline to prevent frothing. The evolved hydrogen is 
burned to water in a Fresenius apparatus, and the water absorbed in 
concentrated H^SO^ and weighed. The operation can be finished in 
about 45 minutes. 

Aluminum in Iron and Steel, Phillips {Chem, News, Ixi., 313). Dis- 
solve 10 gms. in 50 c.c. HCl with 30 c.c. HNO,. When dissolved, add 
5 c.c. Na, HPO4 (saturated solution) and 100 c.c. water. Neutralize 
free acid with NH^OH, add dilute HCl until the solution is clear, then 
not over 2 c.c, strong HCl. Follow this with 50 c.c saturated solution 
of *' hypo,*' cover and boil one hour. Filter, wash well with hot water, 
rinse the residue from the filter into the beaker in which it was boiled, 
and dissolve in 100 c.c. of 10 per cent. HCl. Boil and filter off sul- 
phur. Evaporate filtrate to 5 c.c, rinse into platinum dish, neutralize 
with pure Na OH (made from sodium) and add 2 gms. Na OH in excess. 
Boil half an hour. Dilute and filter off iron, wash and acidify mixed 
filtrate and washings with HCl, precipitate Al PO^, etc., with ammonia. 
Redissolve in HCl, evaporate to dryness for SiO.^, take up with dilate 
HCl, filler, add a 5 c.c. ammonia phosphate NH^OH and a little am- 
monia acetate. Boil 30 minutes, filter and wash with diluted ammonia 
phosphate, ignite and weigh AIPO4 which contains 22.358 per cent Al. 
The process can be carried through in six hours. In effect it is a modi- 
fication of that of Stead {vide Quarterly, xi., 273). 

Rapid Determination of Manganese in slags, ores, etc. Myhlerz 
{Jour. Analyt, Chem., iv., 267). Fuse 0.5 grm. after thorough 
mixing with 5 gms. of a mixture of 3 parts Na^CO, and i part KNO,. 
Maintain the temperature only at such a point as suffices to effect quiet 
fusion. Cool, pour on boiling water to disintegrate the mass, and then 
add 3 c.c. alcohol to convert all the Mn to the form of MnO^. Filter 
and wash to remove nitrates. Rinse the precipitate back into the cas- 
serole in which the water treatment was made, (in which should remain 
the crucible and cover with any adhering MnO,). Then add 100 c.c. of 
a standard FeSO^ solution, stir until completely dissolved, and titrate 
the excess of ferrous salt remaining with dichromate. The amount of 
dichromate solution rendered unnecessary is the measure of the Mn02 
(or Mn) present. 

Volumetric for Manganese. Vortmann (^Ber,, xxiii., 280). Man- 
ganous salt in alkaline solution are converted by iodine solution into 
MnO,. Without any addition 1.84 to 1.86 atoms I instead of exactly 
2. effect the change completely ; however, on adding an Al^O, or 
FCjOj salt, exactly 2 atoms of I are used. Hence the author adds 2 to 
3 limes as much potash alum, as there is Mn salt present, then a 
known amount of tenth normal iodine solution, and pure soda lye, 
heats on the water-bath for 5 to 10 minutes, cools and dilutes to a 
known volume, filters an aliquot portion through a dry filter, acidifies 
and titrates with hypo. The method is unsatisfactory in presence of 
ammonium salts. 
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Zinc in Presence of Iron and Manganese, Riban ( C, Rend, ex. , 1 1 96) . 
{vide previous abstract Quarterly). Dilute until the solution contains 
at most 0.1 gm. Zn per 100 c.c. Add Na,CO, solution until there is a 
slight permanent precipitate, which should be redissolved by a few drops 
of dilute HCl. Pass H2S in the cold, then add a large excess of NajSaOj 
solution, and continue passing HjS. The Zn S is completely precipi- 
tated, practically free from Fe and Mn. Allow to stand five or six 
hours, and then wash by decantation with hot water containing H^S. 
Pb, if present, should be previously separated. 

Zinc in Iron Ores. Platz {Stahi u. Eisen^ ix., 494). After dissolv- 
ing in HCl, and adding a little HNO,, hydrosulphuric acid is passed 
into the warm solution. Any sulphides of copper, etc., which may 
form are filtered off. If, however, only S has separated, filtration is 
omitted. To the solution, saturated with H, S, acetic acid and ammonium 
acetate are added, and then ammonia, little by little, (from a burette) 
until the precipitate remains gray, after vigorous stirring. Then add 
dilute HCl, drop by drop,until it becomes white,and then carefully dilute 
ammonia until it has a very slight grayish tinge. The precipitate 
is then practically pure. 

Zinc in its Ores. Coda {Fres, Zts.y xxix., 266). The method 
depends upon the fact that ferric iron, etc., can be separated completely 
from einc in one operation, by precipitating with ammonia in presence 
of ammonium sulphate and a little carbonate. Dissolve 2.5 gms. ore 
in 15 to 20 c.c. aqua regia — evaporate to dryness, add 15 to 20 c.c. 
H,SO^ and heat to fumes,— dilute, precipitate by H^S if necessary, bring 
the iron to the ferric form, neutralize with ammonia, then add 40 c.c. 
of ammonia containing one-fourth ammonium carbonate. Agitate, 
cool, dilute to 500 c.c, filter and take out two or three lots of 100 c.c. 
each. (0.5 gm. each.) Dilute each lot to 250 c.c, and titrate with 
Na,S. 

Volumetric for Zinc. Blum {^Fres. Zts.^ xxix., 271), finds that in 
ferrocyanide titration, whether in acid or ammoniacal solution, man- 
ganese \i present, will interfere by forming ferrocyanide.- 

Reduction of Arsenic Acid, Gooch and Browning {Am, Journ, Sci.y 
July, 1S90). To the arseniate in solution, add KI in excess, and 10 c.c. 
H,SO^ (^ : I)- Dilute to 100 c.c. and boil in a flask (with trap hung in 
the neck, until the volume is reduced to 40 c.c. Add cautiously SO, 
solution until the iodine color is just bleached out, and then immediately 
dilute with cold water, neutralize with K^CO, finishing neutralization 
with KHCO,. Cool and titrate as usual with iodine solution and starch. 
The reaction for the reduction is found to be H^As O^ + 2HI=«H,As 
Oj+HjO+I,, provided the above conditions are maintained. 

Determination of Lead. Boeuf (Bull Soc. Chim. [3] iii., 852). Lead 
phosphomolybdate contains 54.802 per cent. Pb, and separates readily 
from a solution which is neutral or slightly acid with acetic acid. 
The precipitation should be effected in a boiling solution, the solution 
of phosphomolybdic acid being slowly added until the yellow tint of 
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the solution indicates an excess. It is then allowed to stand a few 
minutes when the precipitate subsides rapidly. It is then filtered on a 
weighed filter, washed, dried at 90 to 100° and weighed. The precipitate 
may be rinsed into a flask, treated with sulphuric acid and zinc and 
titrated as in the case of the rapid determination of phosphorus in irons. 
Iron, if present, should be removed by previously adding NaOH in 
excess, filtering and rendering the filtrate acid with acetic acid before 
precipitating Cu, NH^ and K may contaminate the precipitate, but 
are readily removed by washing with NH^OH. Zinc and arsenic 
interfere. The method of preventing their interference has not yet 
been devised. 

Volumetric for Stiver, Vitali {Chem, Ztg,, xiv., 154). Tenth 
normal potassium ferrocyanide is used, /. e, containing 9.2 gms. of the 
salt dried at 100° to 105° per litre. 

Electrolytic Separations. Smith and Frankel {Am.Chem, Jour, xii., 
428). Hg was separated from Pd in KCy solution, when an excess of 
KCy was used. 

Hg, Cd and Ag were also found to be separable from As in KCy so- 
lution, provided the arsenic form only was present. Cu was separable 
from As provided a strong current was used, and no excess of KCy. If 
NH^OH was present the deposit was spongy. 

Hg, Ag and Cd were also separable from W or from Mo in KCy so- 
lution. In the case of Cd from W it was noted that unless a weak cur- 
rent was used, the deposit was spongy. 

Bi was separated from Cu by adding alkaline citrate and alkali, in 
sufficient quantity to keep the solution clear on addition of KCy, which 
was then added in slight excess and the solution electrolyzed. 

The strength of the current used in these experiments, except in the 
case of Cu from As, was under i c.c. O H gas per minute. 

Electrolytic Separation of Arsenic and Copper. McCay ( Chem. Ztg,y 
xiv., 509). The solution is rendered slightly alkaline with ammonia, 
and a current from four to six Meidinger cells passed through it for six 
hours or more, when the copper entirely free from arsenic is found to be 
completely precipitated. 

Oxidizing Sulphides by Electricity. E. F. Smith {Berichte^ xxiii.,2276). 
By fusing caustic potash together with the sulphide in a nickel crucible, 
and making the crucible the anode in an electric circuit, the sulphur in 
most mineral sulphides was readily oxidized in about 20 minutes by a 
current of one ampere. The melt after cooling was extracted with water 
filtered, acidified, and Ba SO4 precipitated as usual. Pyrite was the only 
sulphide which resisted these conditions, half of the sulphur only oxidiz- 
ing, but by adding CuO, and using a current of 4 amperes all the sul- 
phur was oxidized in 20 minutes. 

Nitric Acid Determined by Electrolysis. Vortmann {Ber. xxiii., 2798) 
firtds thai the nitrogen may be readily converted into ammonia by elec- 
trolyzing a solution of nitrate acidified, with HjSO^. 

The change is much more rapid if a metallic salt decomposable by the 



64 THE QUARTERLY. 

current is introduced. Copper sulphate is preferable. The amount 
must be proportional to the amount of nitrate present, e.g. With 
a certain amount of KNOj, if we add half its weight of crystallized 
CuSO^, the reaction is complete when all the Cu has been precipi- 
tated by a current of i to 2 c.c. oxyhydrogen gas per minute. The 
solution may then be titrated acidimetrically, the degree of acidification 
and amount of CuSO^ added being known. Or the positive electrode may 
be plated with copper, and the current reversed as often as may be 
necessary to transfer the copper from one pole to the other. 

Phosphorus in Irons and Ores, Jones i^Am, Inst, Min. Eng.^ Wash- 
ington Meetings Feb., 1890) summarizes the method which can be used 
so as to give results in an hour or less, provided that As or Ti are not 
present. 

For Fig Iron or Steel, 

I. Dissolve in 60 c.c. HNOs (Gr. 1.135). 

11. Boil one minute (after action ceases j. 

III. Add 5 c.c. K, MnjOg (^or until MnO^ precipitates). 

IV. Dissolve the MnO^ with FeSO^ (free from P^Oj). 
V. Filter into a flask (500 c.c. capacity). 

VI. Add 10 c.c. NH^OH (Gr. 0.90) or nearly neutralize. 
Vll. Test for oxidation (111. and IV.). This is done while solution 
is heating. 

VIU. Add 75 c.c. Molybdate solution at 85°C. and shake vigorously 
for five minutes. 

IX. Filter and wash with (NH,),SO, solution [(NHJjSO, 25 gras. 
HjSO^ cone. 50 c.c. Hj,0, 2500 c.c. J. 

X. Dissolve in NH^OH (Gr. 0.96). Observe precautions. 
XI. Add 30 to 50 c.c. sulphuric acid (1:2 water) and filter through 
reductor, observing precautions mentioned. {Trans, ^ xvii., 414.) 
Xll. Titrate. 

For Iron Ores, 

I. Dissolve in HCl (Gr. 1.12). 
II. Filter, evaporate filtrate with HNO, (Gr. 1.20). 
111. Fuse residue with excess Na^COj, dissolve in dil. H,SO^ (1:2) 
combine solutions when filtrate with HNO3 is ready. Proceed as above 
from 111. to end. 

Phosphoric Acid in Presence of Silica, Preis {Jour, Chem. Soc, Iviii., 
825) finds that phosphoric acid may be separated as phospho-molybdate 
in presence of considerable quantities of silica, if the precipitate is washed 
with pure cold water. The washings have a tendency to turbidity al the 
end. 

Foreign Phosphates in Thomas-slag, Blum {Fres, Zts, Anal, Chem,^ 
xxix., 408). Fresh Thomas-slags contain no carbonates. After grinding 
and long exposure to air they contain not over 2.5 percent. COj. The 
presence of any notable quantity of CO, is therefore proof of this form of 
adulteration. 
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7>j/ Paper for Chlorides, Hoogoliet {Poiyt Noiizblatt,, xlv., No. 18). 
Precipitate AgNO, with K,CrO^, dissolve the precipitate in ammonia, 
saturate filter paper with the solution, dry it. While yet moist dip into 
dilute nitric acid, which precipitates finely divided Ag^CrO^ on the paper. 
Water containing 0.03 of NaCl decolorizes this paper in a few seconds. 

Iodine Determinations, Stortenbeker {Frs. Zts,y xxix., 272). In pres- 
ence of CI, iodine chloride may be formed, and in a known amount of 
this the I determined by decomposition with KI and titration with hypo. 
The reaction with ferric salts, distilling and titrating (Duflos method), 
may also be used, but it depends upon the ratio between ferrous and 
ferric salt in the solution, as well as the degree of dilution as to whether 
all of the I is expelled. By concentrating the acidulated solution the 
equilibrium between the iodide, ferrous and ferric salt is gradually de- 
stroyed, and eventually all of the iodine may be expelled. 

Iodide in Presence of Chloride, {Johnstone^ C. ^ ,lxii., 153). A good 
qualitative test is the addition of a drop of AgNO, in strong zmmomz. 
The Agl is so much more insoluble in the ammonia that the test is tol- 
erably delicate. 

Carbon in Iron and Steel, Pettersson and Smith {Ber,j xxiii., 1401). 
0.4 to 0.8 gm. of the uon preferably in one piece, is decomposed in fusing 
KHSO^. This requires 5 to 12 minutes (longer if the iron is in the state 
of borings). The products are FeSO^, SO, and CO,. The FeSO^ with 
the flux and graphitic carbon remains in the crucible. By pa.ssing a 
current of air (free from CO,) the SO, and CO, may be caught in a 
measured quantity of sodium or barium hydrate solution. 

A slight excess of permanganate will serve to oxidize the sulphite, 
leaving the carbonate to be determined by some convenient method. 
The authors prefer an apparatus of their own devising, in which the CO2 
is expelled from the solution after acidifying by boiling under reduced 
pressure, the gas being finally measured (Ber., xxiii., 1402). 

The melt is cooled, dissolved in dilute HCl, the graphite, etc., filtered 
off through asbestos, weighed, ignited in nitrous fumes, and weighed 
again, thus determining the graphite by loss. 

Nitrogen in Chili Saltpetre. Forster ( Chem, Ztg., xlv., 509). By evap- 
orating a weighed quantity two or three times with HCl, finally igniting 
gently, and weighing, the nitrate is converted to chloride. The loss 
of weight multiplied by 0.52828 gives the nitrogen present in the nitrate. 
The process is inapplicable if magnesium salts are present, on account of 
the deccmposability of the MgCl, by evaporation. 

Hardness Test for Water. Neugebauer {Fres. Zts. Anal. Chem.y 
xxix., 399). The author prepares a soap solution by lead plaster and K, 
CO3 and standardizes with a solution made of 8 parts i2°CaS0^ solution 
and 2 parts 12° Mg SO^ solution. Waters to be tested must be diluted 
until they will show a hardness not over 12°. Since the water destroys 
some of the soap, 100 c.c. taking 0.6 c c. soap, 1° taking 1.7 c.c. soap, 
and so on, a burette especially graduated for the purpose is used, from 
which the degrees of hardness can be at once read off. 
VOL. XII.— 5 
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Water Contaminated by Gas Works was found by Dickmann {Fres. Zts, 
Anal. Chem,y xxix., 398)10 contain diph^nylamin, the residue from 500 
c.c. giving a well-defined blue color, by addition of sulphuric acid. 
(Nitrates being present the addition of HNO, was unnecessary.) The 
water gave negative or uncertain reaction for CO, sulphocyanates or 
other cyanogen compounds. 

Mineralogy, by A. J. Moses. 

ACHTARAGDITE. 

Possibly pseudomorphous after boracite. — Irenes Jahrb, Alin, Ref,^ 
1890, ii., 19. 

Akermanite, Vogt. 

A tetragonal lime magnesia silicate near melilite, not found in 
nature but obtained in experiments upon the formation of minerals by 
fusion. — Amer, Journ, Sci, Abs,y xl., 336. 

Amarantite. 

Crystallization proved triclinic, slender prismatic doubly termi- 
nated crystals of brownish to amaranth-red having been determined. 
Specimens were from Mina de la Compania, Sierra Gorda, Tocapilla, 
Chili. Associated is a fine fibrous orange mineral, probably Sidero- 
natrite. — Amer, Journ. Sci., xl, 199. 

Arseniopleite, L. J. Igelsirom, 2R'\As20^.R"\As^O^.^R"{OH\, 

Occurs in kernels and masses in dolomite. H. =3 — 4; color, 
cherry-red to brownish-red ; streak, yellow to brown. Fracture con- 
choidal. 

Before the blowpipe melts to black, non-magnetic globule with strong 
odor of arsenic, yields water in closed tube. Easily dissolved to yellow 
solution without residue in dilute HCl and HNO,. 

Analysis shows: AsjOj, 44.98 ; MnO, 21,25; Mn^O,, 7.80; Fe,Og, 
3.68 ; PbO, 4.48 ; CaO, 8.1 1 ; MgO, 3.16 ; Hp, 4.54. 

Found at Sjo mine, Orebro, Sweden, associated with foliated rhodo- 
nite, dolomite and barytic feldspar (Albite). — Zeit, F, Kryst.y xviii., 313. 

Asmanite. 

Mallard claims its essential identity with tridymite. — BulL Soc. 
Franc, Min,, xiii., 170. 

Bobierrite is Mg^P^O^+ %H^0, 

Carphosiderite. 

Occurs at Saint Leger, Saone et Loire, in cavernous quartz as minute 
hexagonal prisms, which are transparent and golden yellow. Also 
found, both at above locality and at Lauriuni, as micaceous or earthy 
masses consisting of crystalline lamellae. — Bull, Soc, Franc, Min , xiii., 8. 
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Cervantite. 

The yellow incrustations upon stibnite from Felsobanya, Hun- 
gary; Estramadura, Spain; and Siegen, Prussia, and a similar cnist 
upon botryoidal orpiment from Felsobanya, prove to be zinc sulphide 
instead of cervantite as supposed. — Mtn, Mag.^ vol. ix., p. 9. 

CiPLYTE,/. Ortiier, ^CaOy 2P^O^ySiOY 

Found at Ciply and elsewhere in Belgium in the chalk associated 
with phosphorite. Analysis was made upon impure material. — Bull. 
Soc, Franc, Min,, xiii., 160. 

CoNNELLiTE, Dana^ Cu^jii^Cl,OJI)JSO^^-\- i$JI^O, Hexagonal, 

Recent re-examination by S. L. Penfield. 

Occurs in slender prismatic crystals terminated by pyramid of op- 
posite order. H. =3. G. = 3.364 ; color, beautiful dark blue ; streak, 
pale greenish-blue. 

Before the blowpipe, fuses at 2 to bright globule coloring flame 
green. Soluble in dilute acids. 

Found at Camborne, Cornwall. — Amer, Journ. Sd , xl., 82. 

COSSAITE,* 

Occurs in dense lamellar masses. Hv = 2.5. G.= 3.075; lustre, 
pearly ; color, apple-green. Optically, biaxial. Powder somewhat 
greasy. 

Before the blowpipe, melts to a white opaque mass. Insoluble in 
hydrochloric afcid. 

Analysis shows : SiO, 346.49; Al^Oj,, 40.68; Fe^O^, 2.68; NajO, 
4.75; K,0, 1.34; H.^O, 4.57; or very near the Cossaite of Borgofranco near 
Ivrea and of Colle Blaisier. 

Found at Bousson . — Zeil. /, Kryst. , xvi i i . , 7 7 . 

COUSERANITE. 

M. Ch. L. Frossard suggests that the name couseranite, now only a 
synomym of dipyre, be used as the name of all altered dipyre. — Bull, 
Soc. Franc, Min,, xiii, 187. 

Cristobaltite (Christobaltite)) v, Fatk, SiO^. Orthorhombic, 

Occurs at Cerro San Cristobal in small white crystals, apparently 
regular octahedra, formed by grouping of three quadratic crystals. The 
crystals are almost opaque but become translucent in a liquid. G = 
2.34; lustre, dull. Double refraction destroyed at 175** while that of 
tridymite disappears at 130*^. 

Before the blowpipe is not altered. Easily soluble in alkaline solu- 
tions. — Bull, Soc, Franc, Min., xiii., 172. 



* Referred by Cossa to Mica, and by GastaUli to Oncosine (v. Pinite). 
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Crociqolite. 

Study of optical properties and notice of localities. Conclusion 
that it is optically distinct from glaucophane. — Lacroix, B, S, F, J/., 
xiii., 9. 

Cryptolite is monazite according to Mallard. — B, S. F. M,, 1887, x., 
236. 

DuRDENiTE, E. S. Dana and H, L. Wells ^ Fe.^{TeO^^ + Ajifi, 

Found at El Plomo mine, Tegucigalpa, Honduras, in points and 
veins scattered through quartzose conglomerate. H. = 2 — 2.5 ; color, 
greenish-yellow. — Amer, Journ, Sct\, xl., 79. 

Erythrite. 

As crystalline groups of an impure rose color, coating pyrite, cal- 
cite, byssolite, etc., at French Creek, Pa. — Amer. Journ, Sa\, xl., 115. 

Fayalite. 

. In the hollow spherulites of the obsidian from Li pari are found 
crystalline kernels with radial structure. The centre of a kernel is 
dense and gray, but the outer portion is a mass of radiating acicular 
crystals of alkali feldspar and many small white crystalline pellets of 
tridymite.. Similar crystals coat the inside of the shell. 

Associated with the tridymite are occasional thin minute tablets of 
fayalite, sometimes clear and transparent, sometimes altered and opaque. 
— Amer, Jaurn, Sct\, xl., 75. . 

Ferronatrite. 

Found at Mina de la Compania, Sierra Gorda, Tocapilla, Chili, in 
cleavable masses, probably hexagonal. Color white to grayish white. 
H. = 2.5 G. = 2.547 — 2.578. Optically uniaxial. — Amer/journ, Sci.^ 
xl., 202. 

Ferrostibian, L, J. Jgelstroniy RiJSb^O^, ioR{ 0H\ Monociintc, 

Occurs in acute crystals showing 00 P 00 , 00 ^ 00 , OP. H = 4. 
Feebly magnetic. Lustre, submetallic. Color black or grayish-black. 
Streak, brown. Opaque. Before the blowpipe, melts with difficulty to 
a black magnetic globule. Easily soluble in dilute hydrochloric acid to 
yellow solution. Analysis shows : Sb205,i4.8o; FeO, 22.60; MnO, 46 97; 
H^O, 10.34; MgjCOj, CaCOj, 2.14; Insol. 2.24= 99.09. 

Found at Sjo mines, Orebro, Sweden, in rhodonite. — Neues, Jahrb, 
Min. Ref,^ 1890, IL, 221. 

Garnet {Titaniferous), 

Brown massive garnet from Jones Mine, Green River, Henderson 
Co., N. C. contained 4.58 per cent. TiOj. — Amer.Joum. Set'., xl., 117. 

GiBBSiTE of White Horse Station, Chester Co., Pa. proves to be a 
hydrous aluminium phosphate of unknown constitution. — Amer. Jburn. 
Sa\ xl,, 206. 
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GoRBAiTE, Frenzel, ^Na^SO^, Fe^S^O^ + 3-^2^- 

Occurs in indistinct crystals, perhaps triclinic. Also found in small 
foliated masses with fibrous structure. H. as 2.5 — 3. G. = 2.61. Lustre, 
vitreous ; colorless to white or light gray. Analysis shows : SO,, 50.85 ; 
FejO,, 19.42 ; Na,0, 22.36 ; HjO, 7.33. Found in Chili, associated with 
Sideronatrite. — Amer, Journ, Set, A is., xL, 259. 

Graphite. 

Graphite of Ceylon is believed by J. Walther to have been intro- 
duced in the veins in form of gaseous hydrocarbon rich in carbon. 
Occurrence in Ceylon and theories of formation are discussed by F. 
Sandberger. Neuesjahrb,/. Min,, 1887, v, 2, p. 12, and by J. Walther. 
— Zeii. d.deutsch, geoi, Ges,y xli., p. 359. 

Hambergite, Brbgger^ Be^BO^OH, Orthorhomhic, 

A single crystal, 3.5 cm. in length by 1.5 cm. in thickness and 
width. Cleavage parallel to 00 P 00. H. = 7.5 ; G. = 2.347. Lustre, 
strongly vitreous. Color, grayish- white. Transparent to translucent. 
In appearance resembles boracite. Thin sections show under the micro- 
scope inclusions of magnetite. 

Before the blowpipe, decrepitates slowly, but is infusible. Insoluble 
in acids. Mean of three analyses shows, BeO, 53.25; B^O,, 36.72; 
H,0, 10.03. 

Found near Helgeraen, Norwav, in feldspar. Named after the dis- 
coverer, A. Ham berg. — Zeitf. Kryst,^ xvi., 65. 

HiORTDAHLiTE, Brogger. Triclinic, 

A mineral resembling wohlerite occurring in small thin crystals 
usually twinned. G. = 3.251. Lustre, vitreous on a crystal face but 
adamantine on fracture. Color, various shades of yellow, rarely 
yellowish-brown. 

Before the blowpipe, melts easily to a yellowish white-enamel. Gela- 
tinises in acids. 

Analysis shows: SiOf, 31.60; TiOj, 1,50 ; ZrO«, 21.48 ; CaO, 32.53 ; 
Na,0, 6.53 ; F, 5.83 ; Fe,0„ 0.34 ; FeO,o.94 ; MnO, 0.96 ; MgO, o.io ; 
H,0.o.58. 

Found at Island of Mittel-Aro, Langesundfjord, Norway, in a white 
feldspar, with a dark mica, some elseolite and often fluorite. Named 
after Prof. Th. Hiortdahl, of Christiana. — Zeit. /. Kryst, xvi., 367. 

JoHNSTRUPiTE, Brbggcr, Monoclinic, 

A brownish-green mineral found in the neighborhood of Barkevik, 
Norway, and resembling in composition and form the mosandrite of 
Stoko and Laven, and considered homeomorphous with it through a dis- 
tinct species. G. = 3.29. Lustre, vitreous on crystal face, resinous to 
adamantine on fracture. Named after Prof. Fr. Johnstrup, of Copen- 
hagen. — Zcitf, Kryst,, xvi., 74. 

Kaliborite, W, Feit, Occurs massive with granular structure. G. 
2.05. Analysis shows : B,0,, 57.46; MgO, 12.06; H,0,24.oo. Found 
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near Aschersleben, Prussia, associated with pinnoite. — Amer,Journ, Sci.^ 
xl., 336. 

Karyucerite, Brogger^ HJ^Zr^ Th, Ci)fi^ F^, Rhombohedral. 

Occurs in tabular crystals sometimes intermixed with a clear yellow 
amorphous compound. G. = 4.295. Color, nut-brown. Fracture 
conchoidal. 

Before the blowpipe, becomes transparent but does not fuse. 

Found at Stoko, Norway, with aegirite, catapleite, astrophyllite, feld- 
spar and elaeolite. — Zeit.f, Kryst, xvi., 478. 

Lettsomite. 

One specimen from Copper Mt. Mine, Arizona, in incrustations on 
siliceous gangue. Color deep sky blue to azure blue; lustre, silky ; thin 
fibres and small radiated tufts. 

One specimen from American Eagle Mine,Tintic,Utah, is a velvet- 
like azure blue coating upon a bluish-green clay-like mineral. — Amer^ 
Joum, Sct\, xU, 118. 

Leverrierite, p. Temiier. Orthorhombic. 

Occurs in vermicular forms usually called bacillarites ; cleavage 
basal. G. = 2.3 ; colorless to brown, pleochroic. 

Analysis shows : SiO,, 49.30 ; Al^Os, 22.60 ; FejO,, 0.34 ; MnO, 0.40 ; 
CaO, 6.80 ; MgO, 0.66 ; K^O, 1.36, on heating, 17.90. 

Found at Quart ier-Gai Hard near St. Etienne, in sandstone, clay 
ami coal, sometimes associated with small zircons and apatites. 

Named after M. LeVerrier. — Neues Jahrb, Min, Ref.y 1890, ii., 37. 
See also Ann, des Mines y v. 17, p. 372. 

LussATiTE, Mallard, SiOt. 

A siliceous coating upon quartz consisting of microscopic fibres 
perpendicular to the surface of the quartz. G. = 2.04 ; color, somewhat 
milky ; doubly refracting in direction of length, optically positive. 

Found in the bitumen of Lussat and other localities near Pont du 
Chateau. 

Similar fibres are found in the yellow stratified opal from the Faroe 
Islands. — Bull, Sof:, Franc. Mm,, xiii., 6^, 

Melanophlogite. 

Mallard notices that the clear cubical crystals are composed of fibres 
radiating from centre to sides, which are optically negative, and possess 
slight double refraction that disappears at about 400°. G. = 2.04. 

Frequently the cubes contain strongly doubly refracting particles op- 
tically positive, G. = 2.65, which become white and opaque when the 
fibrous melanophlogite blackens under the action of heat. Evidently 
these are quartz. 

In one specimen with yellowish crystals the material was almost en- 
tirely quartz. — Bull, Soc, Franc, Min,^ xiii., 180. 
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Metacinnabarite. 

A specimen found in the quicksilver mine at New Almaden, Cali- 
fornia, carries finely-developed crystals which are rhombohedral and 
hemimorphic. The Knoxville metacinnabarite has been described as 
hemihedral isometric, but the crystals have been very indefinite. — 
Journ, Sa\, xL, 201. 

Neotesite, IgUstrbmy R^SiO^^^H^O. 

Occurs massive cleavable, resembling red orthoclase. H. = 5 — 
5.5. Lustre, vitreous; color, brownish-red. 

Before the blowpipe melts easily to black globule, yields much water 
in closed tube. Soluble in hydrochloric and sulphuric acids with sepa- 
ration of flocculent silica. After heating it is insoluble. 

Analysis shows : SiO^, 29.50 ; MnO, 40.60 ; MgO, 20.05 '» H,0, 9.85. 

Found at Sjo Mine, Orebro, Sweden, associated with tephroite. 

Named Epigenite, but name changed on account of previous use for 
a copper mineral. — Ntues Jahrb. Min, Ref.y 1890, ii., 222. 

rHOLiDOLiTE, G, Nordenskiold, K^{Fe,Mg\^AI^Si^O^-\-^H^O. 

Occurs in tabular twinned crystals. G. = 2.408 ; lustre, pearly ; 
color, grayish-yellow. 

Analysis shows : SiO^, 49.78; Al^Og, 6.31; MgO, 27.94; FeO, 4.08 ; 
MnO, 0.12 ; KaO, 5 93 ; H,0, 5.49. 

Found at Taberg, Wermland, Sweden. — Amer, Journ. Sci. Abs., xl., 

335. 

Phosphosiderite, W, Bruhns and K, Busz, ^FePO^+THtO. Ortho- 
rhombic, 

Occurs in prismatic crystals, tabular parallel to^ p «> , cleavable in 
one direction. H. = 3.75. G. = 2.76. ; Color, peach-blossom red or 
pale reddish -violet ; clear and transparent unless coated with iron oxide. 

Heated in the tube, becomes yellow and opaque and yields much water 
without decrepitation. Before the blowpipe, melts easily to a black 
magnetic globule. Insoluble in hydrochloric acid, slightly soluble in 
nitric acid. 

The mean of two analyses shows: V^O^f 38.85 ; Fe^^Oj, 44.30; H,0, 
17.26. 

Found filling the cavities of a specimen of gothite from Kalterborn 
mine near Eiserfeld, Siegen. 

The composition is very near that of strengite. — Zeitf, KrysL, xvii., 

555. 

Pleukasite, L.J. Igelstrom. 

Hydrous arseniate of iron and manganese. Massive, resembling 
magnetite externally. H. = 4 ; lustre, submetallic ; color, bluish black ; 
streak, black, opaque, but in thin sections pale red to violet ; frac- 
ture, conchoidal ; feebly magnetic. 
Before the blowpipe, melts to a black magnetic button, evolving 
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arsenic odor. Easily soluble in dilute'hydrochloric acid to yellow solu- 
tion. In tubes, yields water. With fluxes reacts for Sb, Fe,Mn, CI. 

Found at Sjo mine, Orebro. Sweden, associated with arseniopleite. — 
Neues,Jahrb, Min, Ref.^ 1890, ii, 222 

Prism ATI N, Sauer, 

A silicate of AUO3, M^O. FeO and Ni,0, occurring in thick rhombic 
prisms or in radiated groups. Color, pearl gray. Found at Waldheim, 
Saxony. — Zeit. d, d, GeoL Gesellech.y xxxviii., 704. 

QuETENiTE, Frenzel^ MgSO^, FetSiO^ ^ i^H^O. 

Occurs massive ; H. = 3 ; G. =2.08 — 2.14 ; color, reddish-brown. 
Analysis shows: SO3. 37.37 ; FejO^, 22.70 ; M-^O, 5.92 ; H,0, 34.01. 
Found at Salvador Mine, Quetena, Ciiili. — Amer. Journ, Sa\ Abs,^ 
xl., 259. 

ROSEITE. 

A brownish mineral resembling altered mica or chlorite found by 
Dr. Rose in West Nottingham, Chester cpunty, Pa. Crystals yielded 
without previous drying. SiOj, 35.38; AljO,, 30.30; MgO, 14.66; 
HjO, 19.88.' Dr. Genth, who made the analysis, did not consider the 
material perfectly pure and did not endorse it as a new species. 

Selen Tellurium, E. S. Dana and If, L. Weils ( Te, Se), Hexagonal (J). 

Occurs massive, or with indistinct columnar structure. Cleavage 
parallel to prism of 60*^ ; lustre, metallic; color, blackish-gray; streak, 
black. 

Analysis shows : Se, 29.31; Te, 70.69. 

Found at El Plomo mine, Tegucigalpa, Honduras. — Amer, Journ, 
Sci.y xl., 78. 

Sny^VLQ-if \TK\T^y Raimondi, 2 NaiSO^, Fe^S^O^ + *]H^O, 

In fine fibrous masses with small prismatic crystals probably ortho- 
rhombic. H. = 1.5. G. = 2.355 » color, pale orange to straw yellow. 
Mean analysis shows: H,0, 17.07; 803,44.22; Fe^O,, 21.77 ; Na,0, 
16.39. 

Found at Mina de la Compania, Sierra Gorda, Tocapilla, Chili. As- 
sociated with ferronatrite in white particles and lamellar masses. — 
Amer, Journ, Sd., xl., 201. 

SiGTERiTE, Rammelsberg {Na,K)^Al^Si^O^^, 

Described as a new feldspar of gray color, cleavage like orthoclase 
and polysynthetic twining. G. = 2.6 — 2.62. Analysis shows, after 
deducting admixed augite: SiO«, 50.54; Al^O,, 30.64; Na,0, 14.58; 
K«0, 4.24. Equivalent to anhydrous natrolite. Albite and Sigterite 
are related as follows : 

Albite R, Al Si, 0„ R,0, A1,0„ 6SiO». 

Sigterite Ra Al,' Si, O,,, R,0, Al.O,, 3SiO,. 

Found at Sigtero, near Brevig, Norway, associated with eudialyte and 
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albite. Named after locality in which it occurs. — Niues Jahrb, Min,y 
1890, ii,, 70. 

Silica. 

M. Mallard divides all crystallized silica into two groups. 

1. Quartz: uniaxial and with rotary polarization, but owing these 
to molecular grouping of some biaxial substance, perhaps chalcedony 
or some elementary substance yet unknown. 

Crystals of this family may form at low temperatures and are stable 
only to about 1000°, above which they slowly lose their crystalline 
structure, become amorphous and opaque and may recrystallize as 
crystals of the second group. 

2. Crystalline silica of G. about 2.2. It include? two distinct 
species, Tridymite triclinic, pseudohexagonal below 130°, hexagonal 
at higher temperatures. Cristobaltite, orthorhombic, pseudo-isometric, 
below, cubic above 1 75*^. 

The crystal of this second family are formed, perhaps exclusively, at 
high temperatures; they are unchanged at all temperatures below fusion, 
but are more easily affected by solvents than the first group. — Bull, Soc, 
Franc, Min,^ xiii., 176. 

Sphalerite. 

A nearly pure white and amorphous sulphide of zinc has been found 
at Galena, Cherokee Co., Kansas. The ore-bed consists of sphalerite 
and some galenite. In the centre of the bed is a soft white substance 
resembling ground white lead. Surrounding it on all sides are f)artially 
decomposed ore and siliceous gangue rock showing casts of dissolved 
sphalerite crystals. 

Analysis showed: Insoluble, 2.52; Zn, 63.70; S, 30.77; Fe^O,, 2.40. 

The original sphalerite is supposed to have oxidized to sulphate, 
which was removed in solution and, by the action of H S or an alkaline 
sulphide, the zinc reprecipitated as sulphide. — Amer. Journ, Sa\,x\., 
160. 

Stibiatil, Ifrelstrom, Hydrous Antimoniate of Iron and Manganese, 
Monoclinic, 

Occurs in columnar crystals with rectangular cross-section. H. = 
4. Lustre, metallic ; color, black; streak, black with touch of brown; 
opaque. 

Before the blowpipe, infusible. In tube, yields water. Easily soluble, 
in cold dilute hydrochloric acid to yellow solution. Analysis shows : 
SbjO,, MnO, FeO. 

Found at Sjo mine, Orehro, Sweden ; associated with polyarsenite. — 
Neues Jahrb, Afin. Ref,^ 1890, ii., 222. 

Synadelphite, Orthorhombic not Monoclinic. — Neues Jahrb, Min, 
Ref,y 1890, ii, 226. 

Tamarugite, Schulze, Na^AlJ^SO^ ^-^1211^0, 

Occurs in massive forms, with radiated structure. H. = 2. G. = 
2.03. Colorless. Found at Tarapaca. — Amer, Journ, Sci, Abs., xl., 258. 
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Tridymite. 

The so-called tridymite of Mont. Euganeens, although agreeing 
exactly in form with other tridymite, is optically and in Sp. G., quartz. 
It is therefore quartz after tridymite. — BulL Soc. F, Min.y xiii., 162. 

ViVIANITE. 

Found in stratum of clay on banks of the Cumberland River, near 
Eddyville, Ky, replacing the roots of coniferous plants. — Amer, Journ. 
Sa\, xl, 120. 

Weibyeite, Brogger ( CcF ),( CO^^ Orthorhombic, 

Crystals small resembling zircon but optically proved to be ortho- 
rhombic. Colorless, but coated with ochre yellow crust. 

Analysis shows: CO,, 19.16; Ce^O,, 35.38; (Li^O, DijOj,), 31.58 ; 
CaO, 3.42; SrO, 0.97 ; F, 5.04; HaO, etc., 6.34. Occurs at Aro, Nor- 
way, at the endidymite locality. Named after P. C. Weibye. — Z<f//./. 
Kryst.y xvi., 651. 
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The Mftallurgy of Steel. By Henry Marion Howe, A. M. (Harvard), S. B. 
Vol. I. Royal Quarto, pp. 380. Scientific Publishing Co , 27 Park Place, New 
York. Price : ^lo.oo. 

The first edition is already exhausted. The second edition is forth- 
coming if not already on the market. 

The greater part of this work has appeared in a series of papers is- 
sued as supplements to the Engineering and Mining Journal during the 
past two years, the present volume being a rearranged collection of 
these papers with considerable additional matter. 

The great magnitude of this subject renders any thorough work on it 
of large size. This volume of the work contains : Chapter I., Classifi- 
cation and Constitution of Steel ; Chapter II., Carbon and Iron, Har- 
dening, Tempering and Annealing; Chapter III., Iron and Silicon ; 
Chapter IV., Iron and Manganese; Chapter V., Iron and Sulphur; 
Chapter VI., Iron and Phosphorus; Chapter VII., Chromium, Tung- 
sten, Copper ; Chapter VIII., The metals occurring but sparingly in 
Iron; Chapter IX., Iron and Oxygen ; Chapter X., Nitrogen, Hydro- 
gen, Carbonic Oxide ; Chapter XI., The absorption and escape of Gas 
from Iron; Chapter XII., The prevention of Blowholes and Pipes; 
Chapter XIII., Structure and related subjects ; Chapter XIV., Cold 
Working, Hot Working, Welding ; Chapter XV., Direct Processes ; 
Chapter XVI., Charcoal -Hearth Processes; Chapter XVII., The Cru- 
cible Steel Process; Chapter XVIII., Apparatus for the Bessemer Pro- 
cess; Appendix I., Special Steels ; Appendix II., Anti-Rust Coatings; 
Appendix III., Lead Quenching. 

The book is illustrated by 228 drawings and 222 tables, some of the 
latter meriting particular attention, being in graphic form which enable 
the reader to grasp at a glance the significance of comparative data. 

The masterly manner in which the author has handled the subjects 
treated, and his clear and comprehensive discussions cannot fail to 
win for him the admiration and thanks of all consulting his work and 
the endorsement which the author gives by referring to the long list of 
prominent metallurgists and practical workers in iron and steel, en- 
hances its value as a work of practical importance. 

To sum up, this work is of great merit, and is heartily recommended 
to engineers and others interested in the manufacture of iron and steel. 

J.S. 

Report of the Royal Commission on the Mineral Resources of Ontario, 
AND Measures for their Development. 566 pp. 8vo. Toronto. 1890. 
Warwick & Sons. 

The scope of this work is indicated by the divisions assigned to the 
different members of the commission. 

To Robert Bell, LL D. The Geology of the Province with .special 
relation to its Economic Minerals. Organization of a Bureau of Mines 
for the Province. 
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To W. H. Merritt, F. G. S. Detailed descriptions and maps of 
working mines and important undeveloped mineral properties, and all 
matters appertaining to mining engineering. Founding of a geological 
and mineralogical museum. 

To John Charlton, M. P. Exports, imports, shipping facilities for 
ores, building stones, etc., and general inquiry into causes of depression 
in mining industry. 

To Archibald Blue. Information and suggestions on mining laws 
and regulations. Inquiry into best methods of promoting metallur- 
gical industry. Technical instruction in its relation to mining and 
metallurgy. 

Mineral Rksources of the United States. Calendar year, 1888. David T. 
Day, Chief of Division of Mining, Statistics and Technology. 652 pp. Wash- 
ington, 1890 (U. S. Geol. Survey). 

This volume is the sixth of the series and continues the method ot 
previous volumes, commencing with summary for the different metals 
and minerals irrespective of locality. Chapters by specialists are then 
devoted to each important mineral industry. 

Ninth Annual Report of the State Mineralogist of California. William 
Irelan, Jr. For the year ending December i, 1889. 352 pp. Sacramento, 1890. 

In addition to statistical chapters of production, etc., this volume con- 
tains special articles, notably, ** Refining and Coining of Precious 
Metals," by Sven Gumbenner. ** Auriferous Gravels of California," by 
Jno. Hays Hammond. ** Insular Floras," by Lorenzo G. Yates. '* Pot- 
tery," by Linna Irelan, illustrated. ** River Mining," by R. L. 
Dunn. ** Clays," by W. D. Johnston. The various articles are beauti- 
fully illustrated. 

Practical Sanitary and Economic Cooking, Adapted to Persons of Moderate 
and Small Means. By Mrs. Mary Hinman Abel. Prize Essays. Published 
by the American Public Health Association. English Text. i2mo. 182 pp. 
Paper, 35c. ; cloth, 40c. English-German Text. l2mo. 364 pp. Paper, 55c. ; 
cloth, 69c. 
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Columbia University.* 



Columbia College at the present time consists of the School of 
Arts (the original college, founded in 1 754), of sundry professional 
schools, to wit : the School of I^w, the School of Mines, and the College 
of Physicians and Surgeons; and of the University Faculties of I-aw, 
Mines (Mathematics and Pure and Applied Science), Political Science, 
and Philosophy. 

The point of contact between the college and the university is the 
senior year in the School of Arts, during which year students in the 
School of Arts pursue their studies, with the consent of the Faculty of 
Arts, under one or more of the University Faculties. 

University Council. — The various schools are under the charge of 
their own faculties, and for the better conduct of the strictly university 
work, as well as of the whole institution, a University Council has been 
established. This Council is an advisory body. In particular it advises 
the president as to all matters affecting the master's and the doctor's de- 
gree, the correlation of courses, the extension of university work in new 
and old fields, and generally as to such matters as the president brings 
before it. 

The Council, for 1890-91, is composed as follows: 
From the Faculty of Philosophy — 

The Dean, Prof. Butler ; Prof. Harry T. Peck. 
From the Faculty of Political Science — 

The Dean, Prof. Burgess ; Prof. R, M. Smith. 
From the Faculty of Mines — 

The Dean, Prof. Chandler; Prof. Newberry, 
From the Faculty of Law — 

The Warden, Prof. Dwight ; Prof. Chase. 
From the School of Arts — 

The Dean, Prof. Drisler ; the Secretary of the Board of the Col- 
lege, Prof. Van Amringe. 

By the choice of the President — 

Prof. Trowbridge ; Prof. Price. 

Secretary of the Council, Prof. R. M. Smith. 

School of Arts. — The college proper has a curriculum of four years' 
duration leading to the degree of 13achelor of Arts. 

University Faculties. — These together constitute the University. 
The faculties offer advanced courses of study and investigation, re- 
spectively, m {a) Private or Municipal Law, (^) Mathematics and Pure 
and Applied Science, (r) History, Economics, and Public law, and (//) 
Philosophy, Philology and Letters. Courses of study under one or 



* Condensed from Authorized College Bulletin, July, 1890. 
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more of these university faculties are open to members of the senior 
class in the School of Arts and to all students who have successfully 
pursued an equivalent course of undergraduate study to the close of 
the junior year. These lead through the bachelor's degree to the uni- 
versity degrees of Master of Arts and Doctor of Philosophy. 

Professional Schools. — These are the schools of Law, Mines and 
Medicine, to which all students,as well those not having pursued a course 
of undergraduate study as those who have, are admitted on terms pre- 
scribed by the faculty of each school as candidates for professional 
degrees. 

1. The School of Law, established in 1858, offers a three years' course 
of study in common law and equity jurisprudence, medical jurispru- 
dence, criminal and constitutional law, international law public and 
private, and comparative jurisprudence. The degree of Bachelor of 
Laws is conferred on the satisfactory completion of the course. The 
courses in constitutional and international law and comparative jurispru- 
dence are conducted by the Faculty of Political Science. 

2. The School of Mines, established in 1864, offers the following 
courses of study, each of four years' duration, and each leading to an 
appropriate professional degree, namely, mining engineering, civil en- 
gineering, metallurgy, geology and palaeontology, analytical and applied 
chemistry, architecture; and the following as graduate courses, each of 
two years* duration and each leading to an appropriate degree, namely, 
sanitary engineering and electrical engineering. 

3. The College of Physicians and Surgeons, by joint resolution of 
June 18, i860, the Medical Department of Columbia College, offers a 
three years' course of study in the principles and practice of medicine 
and surgery, leading to the degree of Doctor of Medicine. 

Masters and Doctors Degrees. — Any student who has taken his 
baccalaureate degree either in Columbia College or in some other college 
maintaining an equivalent curriculum (every such case of equivalence 
to be considered on its own merits) shall be entitled, with the approval 
of the president, to become a candidate for the degrees of master of arts 
or doctor of philosophy. 

Each candidate shall, immediately upon registration,designate one prin- 
cipal subject and two subordinate subjects, which when approved by the 
proper faculty shall be the studies of his university course. Should the sub- 
jects designated by the candidate fall within the jurisdiction of more than 
one university faculty, the candidate's selection must receive the sanction 
of the president before it is recorded. 

Candidates must pursue their studies under the direction of the pro- 
fessors and other officers of instruction in charge of the subjects se- 
lected, attending such lectures as may be designated, and performing 
faithfully such other work in connection therewith as may be prescribed. 

The Avery Architeciural Library. — 

4 East 38TH St., New York, June 23, 1890. 

Mr. Seth Low, President Columbia College. 

Dear Sir : With your consent and that of the Trustees of Columbia 
College we propose to establish the Avery Architectural Library in 
memory of our son, Henry Ogden Avery. 
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We propose (i) to give to Columbia College, for the purpose men- 
tioned, the library, comprising volumes relating to architecture 
and the decorative arts, and other professional books, formed by the 
late Henry O. Avery, including one or more folios of original architec- 
tural drawings by the late Henry O. Avery ; and in addition thereto (2) 
to give to the Treasurer of the Corporation such sums as may be required 
to pay for books purchased, as provided below, on notice of their pur- 
chase, previous to the ist day of January, 1891, not exceeding fifteen 
thousand dollars, and also (3) to give to the Treasurer of the Corpora- 
tion on the ist day of July of this year the sum of fifteen thousand dollars 
to be invested and to form a permanent fund, the interest of which is 
to be employed first in binding and making the necessary repairs of the 
books forming said Avery Architectural Library, and second in the pur- 
Chase of newly published books, or others, under the conditions stated 
below. 

It is our wish that the purchases made for the Avery Architectural 
Library be made exclusively by a commission of three persons, namely, 
the Librarian of Columbia College, the Professor or acting Professor of 
the Architectural Department of the School of Mines, and Mr. Russell 
Sturgis, of New York, whose successor, in case of his declination at any 
time, is to be selected by the other two members of the commission as 
above, to be always an architect and not immediately connected with 
Columbia College. 

It is our wish also that the books so purchased, including those com- 
ing from the late Henry O. Avery, shall be kept together in one room, 
alcove, or the like, to be set apart and designated for the purpose and 
approved by the commission of purchase, but without impairing in any 
way the constitutional control of the college property vested in the 
Trustees by the charter, and that they be kept as a library of reference 
only, and not allowed to leave the library building except on special oc- 
casions, as for binding, repairs, etc., or for the purpose of having photo- 
graphic or other copies made of plates and the like, but always on the 
express approval of the commission of purchase, or a majority of it. 

It is also our wish that a tablet, or some other form of record, which 
we will furnish, be put in a prominent position, and always retained, in 
the room or alcove devoted to the Avery Library, and that a boDkplate 
be pasted inside the cover of each volume of the library, the said tablet 
and book-plate to state the foundation of this library by the parents of 
Henry Ogden Avery in his memory. 

It is also our wish that, at the discretion of the Trustees, a separate 
catalogue of this library from time to time be printed in pamphlet form, 
at the expense of the college, and that copies of it in sufficient number 
be furnished the commission of purchase for free distribution to archi- 
tects, students of art, and other persons or institutions to whom the 
Avery Architectural Library may be useful. 

(Signed) Samuel P. Avery, 

Mary A. Avery, pr. S. P. A. 



Extract from the will of Charles M. Da Costa, an alumnus of 
the class of 1855 and a trustee of the college, who died on Sunday, June 
22, 1890: 



8o THE QUARTERLy. 

** First. — I give and bequeath to the Trustees of Columbia College 
in the City of New York the sum of one hundred thousand dollars. I 
express the hope that such sum may be used for the endowment of some 
new professorship, which, in the good judgment of the Board of 
Trustees, may be needed in any of the schools or departments of the 
college. But this expression is in no way to limit the absolute right of 
the said corporation to use the said sum for any of its corporate pur- 
poses. I also give and bequeath to said corporation my library, both 
law and miscellaneous." 



Columbia Alumni Athletic Club. — Over six hundre 1 names have 
been obtained for the formation of the Columbia Athletic Club. The 
articles of incorporation are as follows: 

CERTIFICATE OF INCORPORATION. 

We, the undersigned, being of full age, citizens of the United States, 
and also of the State of New York, desire to form ourselves into a club 
for Athletic, Gymnastic and Social purposes, in accordance with the pro- 
visions of an Act entitled **An Act for the incorporation of societies or 
clubs for certain lawful purposes," passed May 12, 1875, and we do 
hereby certify — 

Name, 

1. The name or title by which said club shall be known is The 
Alumni Athletic Club of Columbia College. 

Object. 

2. The object of said club is to provide for the graduates of Colum- 
bia college, and such others as they may associate with them, social 
privileges and opportunities for athletic exercise for themselves and, 
under certain restrictions, for the undergraduates of the College. 

Trustees, 

3. The number of Trustees to manage the affairs of the club shall 
be seventeen. 

The names of the Trustees for the first year are as follows : 
John H. Van Amringe, George G. DeWitt, Jr., George Sherman, 
John Kroni Rees, Robert C. Coriiell, Jasper T. Goodwin, William 
Fellowes Morgan, J. West Roosevelt, VVilliam G. Laihrop, Jr., Nicholas 
Fish, Robert Fulton Cutting, P. de Peyster Ricketts, Isaac N. Seligman, 
T. J. Oakley Rhinelander, J. Adriance Bush, Charles E. Pellew, Lincoln 
Cromwell. 

In witness thereof we have hereunto set our hands and seals this 
tenth day of June, in the year one thousand and eight hundred and 

ninety. 

• 

F. R. Coudert, G. Sherman, F. S. Bangs, Julien T. Davies, D. 
Morgan Hildreth, Jr., Edward Mitchell, John Murry Mitchell. Jasper 
T. Goodwin, Michael I. Pupin, Charles Halsted Mapes, John M. 
Knox, S. Victor Constant, Edward S. Rapallo, Abm. Van Santvoord. 
S. Albert Reed,Theodore W. Dwight, P. de P.Ricketts, J. K. Rees, Wm.G. 
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Lathrop, Jr., Charles F. Chandler, George G. DeWitt, Jr., Wm. S. Sloan, 
Wm. Manice, Joseph Lawrence, Stuy vesant Fish, Edgar J. Levey, Robert 
C. Cornell, Henry R. Beekman, Henry Phelps Chase, Nicholas Fish, 
Charles A. Jackson, Edward L. Patterson, Jos. Larocque. 

At the first meeting of Trustees Prof. Van Amringe was chosen tem- 
porary Chairman, Prof. Ricketts temporary Secretary. The Chairman 
has appointed the following committees : 

Committee on Finance. — R. Fulton Cutting, J. Adriance Bush, George 
Sherman, Isaac N. Seligman, Wm. Fellowes Morgan, P. de Peysler Rick- 
etts, ex officio. 

Committee on Constitution and By-Laws. — Jasper T. Goodwin, John 
K. Rees, Robert C. Cornell, J. West Roosevelt, Lincoln Cromwell, P. 
de Peyster Ricketts, ex officio. 

Committee on Permanent Organization, — George G. DeWitt, Jr., Will- 
iam G. Lathrop, Jr., Nicholas Fish, T. J. Oakley Rhinelander, Charles 
E. Pellew, P. de Peyster Ricketts, ex officio. 

Department of Mineralogy and Metallurgy. 

Metallurgy. — The metallurgical collection has recently received 
some very important additions. Last spring the Dixon Crucible Com- 
pany sent a collection of its products of manufacture, which is one of 
the largest and most important additions made to the metallurgical 
collection of the school for a long time. The intention of the company 
is to eventually send all the raw materials as well as the products of 
manufacture, but the raw materials have not yet arrived. The manu- 
factured articles consist of 28 crucibles, the largest of which is 26)^ 
inches high and 13^^ in diameter, there being ten above 10 inches in 
height and seven above 15 inches. The smallest of these crucibles is 2 
inches by i inch and 3^. Besides these there are Bessemer stoppers, 
ladle stirrers, gold and silver stirrers and zinc retorts, which show a 
complete assortment of their manufactures. This is an extremely valu- 
able as well as interesting addition to the collection and is a very im- 
portant addition to the collections of the school. 

One of the most interesting and at the same time most valuable 
additions to the metallurgical collection that has been made in many 
years has been recently received from Tiffany & Co., and consists of elec- 
trotype copies in copper of some of the most famous of their works. 
These include the Demidoff tankard, which is probably the most beauti- 
ful and artistic specimen of repousse silverware that ever was executed, 
and the Morgan salver, which is one of the most artistic specimens of 
flat chasing that has been made. Besides these there are 8 plants, 2 
flowers and 3 leaves, copied from nature, showing both sides and repro- 
ducing all the delicate lines and being about as thin as the natural leaf; 
4 animals, a crab, a tortoise, a rabbit's head and a horse-shoe crab, 
showing both sides with all their delicate traceries ; 6 remarkably fine 
specimens of fine saw cuttings for silver-ware; a copy of the Gladstone 
silver bust presented to Mr. Gladstone by his admirers in the United 
States, the cast in copper being taken from the mould in which the silver 
casting was taken ; a medallion of William CuUen Bryant taken from 
the silver memorial presented to him on his 8oth birthday ; a small 
repouss^ copper dish covered with a coating of red sub-oxide of copper, 

VOL. xii. — 6 



82 THE QUARTERLY. 

formed upon it naturally ; 28 specimens of alloys, representing in detail 
the famous Shak-udo and Shibuishi, made by sweating gold, silver and 
copper together, then cutting out parts of the various layers, of which 
the famous vase exhibited at the Paris Exhibition of 1889 was made. In 
addition to these are sp>ecimens of steel and brass spinning of metal to 
show how silver and other metals are spun from the flat. Some of the 
sprigs of plants are over 18 inches in length and represent the plant 
exactly as it is found in nature. This is the most valuable collection of 
artistic metal work ever presented to the school. 

Mineralogy. — ^The mineralogical collection has just received from A. 
M. Hoyt, Esq., 6 specimens of argentite ; 5 of these are handsome speci- 
mens with very large cr5rstals. The other is 5 x 8 inches and is covered 
with large-sized and well-developed crystals, and is believed to be the 
handsomest single specimen which ever came to this country. 

Mr. F. A. Heinze has presented to the collection a cluster of large 
enargite crystals which show the prism and the basal pinacoid; the 
largest crystal of the group shows a prism face three-eighths of an inch 
broad. The smaller prisms are evidently compound crystals, the faces 
showing deep vertical striations. 

The collection is now being recatalogued, so many specimens having 
been transferred to conference and student collections that the accuracy 
of present catalogue is impaired. A great deal of work has been done 
since 1887 upon the mineralogical collection. In the eight years be- 
tween 1879 ^^^ 1887 oJ^ly seventy-five new species were added. In 
1887 ^^ increased force of the department made possible the prepara- 
tion of a list of all missing species and varieties, and in the two ensuing 
years two hundred and ^s^ new species and one hundred and thirty 
new varieties were added. It is believed that in completeness the collec- 
tion will now bear comparison with any in the country. A revised list 
of desiderata has now been prepared, and it is hoped that all procurable 
species will soon be represented. Twenty-four wall brackets for large 
specimens have been put up. 

Department of Engineering. 

Mechanical. — An interesting extension of the facilities of the de- 
partment in the line of mechanical engineering has been recently 
effected. It is an effort to render more useful for purposes of instruc- 
tion and practice the very considerable steam and power plant which 
the College is compelled to operate for purposes of administration. 
The President has accepted a suggestion that fourth-year and graduate- 
students in engineering to be designated by the professor of this sub- 
division, be allowed access to the engine and boiler rooms in pairs, 
between the hours of two and six in the afternoon, during which time 
they shall be under the orders and direction (but of course without 
pay) of the college engineer who operates the engine plant, and shall 
do such labor around the engines and in the repair shops as he may- 
direct. They shall have as much part in the actual manipulation of the 
machinery as they shall show themselves qualified for. 

These appointments are, of course, optional and voluntary for the 
present, but if the plan proves successful and popular, such assignments 
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to practical work may in time be made a regular feature of a late part of 
the engineering courses. 

These facilities and opportunities will, of course, be of special use to 
the students in electrical engineering, as they will give them valuable 
practical familiarity with the running of a plant for incandescent light- 
ing. 

The development of the work in mechanical engineering has called 
for the appointment of an assistant in that department, who will have 
special charge of the laboratory work, to be extended as rapidly as in- 
crease of facilities will permit. 

Mining. — ^The Summer School of Practical Mining, visited this sum- 
mer the Lake Superior Copper region. Five weeks were spent at the 
Osceola Mine and one week in the Marquette iron region. The class 
was under the charge of Professor Munroe and Mr. Woolson. 

The Summer School of Surveying was held at Litchfield, Conn., as 
usual. The new two-year course inaugurated last year went into full 
effect this summer. All maps and computations are now completed be- 
fore leaving Litchfield. Professor Munroe's assistants this year were 
Mr. R. E. Mayer, T. T. Luquer, A. H. Freedman, G. J. Volckening, 
Jr., and H. S. Ives. 

• 

Electrical. — The second year of this course has started under cir- 
cumstances even more favorable than last year. There are six students 
in the second- year class and fourteen in the first-year class. A con- 
siderable number of new pieces of apparatus have been added to the 
collection, in addition to the set of measuring instruments purchased 
last year. Among the most important of these may be mentioned a 
very large electro-magnet, with adjustable pole piece for experimental 
work, complete set of photo-metric apparatus and a large induction 
coil. But the most important acquisitions are in line of practical ma- 
chines. These include an electric-lighting plant consisting of a twenty- 
five horse-power high-speed engine, a 200-light incandescent dynamo 
driven from one puUey of the engine and a four light arc dynamo driven 
from the other pulley, incandescent and arc lamps, switches, ampere 
meters, lightning arresters, etc. This plant is entirely separate from the 
looo-light incandescent plant used for lighting the college buildings and 
is of such size as to be easily handled and run by the students and yet 
sufficiently large to be complete in every detail and thoroughly prac- 
ical. A screw-cutting engine lathe, run by a one horse-power electric 
motor, has also been provided for the use of the students in making 
electrical apparatus in connection with their work. A five horse-power 
motor is set up ready to run small dynamos and other machines for 
testing purposes; storage batteries, transmission dynamometer, large 
rheostats for heavy currents, and other practical apparatus are also pro- 
vided for this year's work. 

The instruction both in lectures, which occupy about ten hours per 
week for each class, and in laboratory work, to which twenty hours per 
week are devoted, is thoroughly practical and at the same time sufficient 
attention is given to the theory of the subject to give the student a good 
foundation to his knowledge. 
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Department of Chemistry. 

Analytical. — The Trustees have created the position of Assistant in 
the Quantitative Laboratory, and Mr. H. C. Bowen has been promoted 
to that position — a promotion well deserved. 

The position of Fellow in the Quantitative Laboratory, hitherto held 
by Mr. Bowen, has been filled by the transfer of Dr. H. T. Vult6 to 
that laboratory. His work will be, to a considerable extent, the ex- 
amination of new methods of analysis, a work of great value and im- 
portance. The position of Fellow in the Quantitative Laboratory is 
for the present filled by Chas. Bull man, Ph.B. of ^Z^, 

Organic. — The Organic Laboratory has been moved from the old 
building to the first floor of the School of Mines* Building. The fourth- 
year chemists now occupy four alcoves at the east end of the Qualita- 
tive Laboratory, Dr. Wells and his students retaining the west por- 
tion, while Prof. Colby occupies the room vacated by Dr. Vult6. 

The change was accomplished during the first week in October, with 
little inconvenience to those concerned, the chief difficulty being to 
find sufficient storage room for apparatus and chemicals. 

The four alcoves have been fitted with steam, water and waste and 
exhaust pipes, so that the students in Organic Chemistry now have the 
same facilities which existed in the old place. The lecture-room for 
Organic Chemistry in the old building is retained for the present. 

Architectural Department. 

The Department of Architecture begins the new year, for the first 
time in its history, with a decrease in the total number of its students 
as compared with last year. This is due to the severe pruning out of 
the three upper classes, resulting from conditions imposed at the ex- 
aminations last summer. A considerable number of students have either 
abandoned the pursuit of architecture, or have decided to continue its 
study in offices or in other schools. On the other hand, the first-year 
class counts no less than thirty-seven members, of whom four have 
entered as repeaters and two as students from the School of Arts. The 
first class, under the special charge of Mr. C. A. Harriman, occupies the 
third floor of the "President's House," the rooms used last year by the 
second class. 

The exercises in elementary design in the second class are proving 
very interesting and successful as conducted by Prof. Ware. They will 
constitute a valuable preparation for the more serious work in design of 
the third and fourth years. 

Of last year's graduates all but two have found employment in archi- 
tects' offices, several of them in very advantageous and responsible 
positions. Of the two not engaged in practice, one has abandoned 
architecture for the drama, and is a member of Daly's company, while 
the other expects to be "placed" very soon. This is an excellent 
record for a class whose whole course in college was creditable. 
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THE TREATMENT OF COPPER SLATES AT 
MANSFELDT. 

By T. EG1.EST0N, PH.D. 

The copper-mines of Mansfeldt* are the oldest of all the copper- 
mines now working in Europe. They produce the third largest 
quantity of copper made by any single company working anywhere 
in copper. It is one of the largest and best conducted enterprises 
in "Europe, supporting directly and indirectly about 50,000 men, 
»romen and children. It mines a lean ore from thin beds through 
ten shafts from wet mines and produces some of Europe's best 
copper. As compared with what is done in our own country, the 
work there is very surprising. It is possible only because the 
wages at Mansfeldt are less than half ©f those of the copper dis- 
tricts of Lake Superior and less than one-quarter of those paid in 
the copper regions of Montana and Arizona. The average yield 
in copper is greater than any mine on Lake Superior except the 
Calumet and Hecla, and, taking into account the silver contents 

• This paper U the result of two visits lo the Mansfeldt works, made forlhe purpose 
of wriliog it. the last of which was made in Septemlier, 1890. I was not allowed to 
■ee processes No. 5 to 9. A great deal of iiifonnatiun has lieen furnished to me by 
Ifae company in answer lo inquiries, and has also been obtained from two pamphlets 
pabliahed by the company, Ihe one in iSSi , and the other in iSS^, from which all the 
Analyses and statistics have been taken. The drawings were furnished me by the com- 
iMuijr at my request. 
VOL. xn.— 7 
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of the ore, its value is greater than any mine in that district, but 
the processes required to extract it are much more complicated 
and delicate. The works have been the laboratory in which 
many of the most important discoveries in copper and silver 
metallurgy have been made and the place in which the most 
delicate metallurgical processes for the separation of copper and 
silver have been successfully invented and carried out. They have 
set an example to the whole world in the care and economy with 
which all the by-products are utilized and made to increase the 
profits of the works ; nor are its hospitals and schools to be left 
out of account in summing up all the reasons why, with many 
disadvantages, it is able successfully to compete with other enter- 
prises more favorably situated. The process as a whole is not 
applicable in this country, but many of its details are, and very 
much can be gained by the study of its methods both of adminis- 
tration and working. 

The early history of the works is somewhat obscure. The first 
mention of them appears in the ** History of Mansfeldt," written 
in 1572, which says that mining was done in 1 199 at Hettstedt. 
not far from Mansfeldt, where there are works to-day. According 
to other authorities, a Count Mansfeldt commenced the working 
of the ore in 12 15. Others say that it was not until 1364 that his 
successor commenced, but it seems quite certain that the Counts 
of Mansfeldt mined long before 1215. The district around Hett- 
stedt does not appear to have belonged to the Counts of Mansfeldt 
previous to 1439, but they worked mines in it and paid royalties to 
the emperors long previous to that time. During the 1 5th century, 
they produced 2000 tons of copper a year. In 1536, there were 
95 small furnaces at work. As the furnaces all ran by charcoal, 
a law was made at that time that no more furnaces should be built, 
as there was not wood enough in the country to supply them all. 
This order does not seem to have been obeyed very long. About 
this time a number of furnaces went into private hands, and in 
1568 a law was passed regulating the way in which the whole of 
the mining and smelting should be conducted, in which the rights 
of the Counts and of the private persons owning works were 
defined. 

The Counts of Mansfeldt were brave soldiers and spent money 
lavishly both at court and in war, but they were no financiers. 
In 1570, their debts having reached the sum of two and a half mil- 
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lion of guldens, three-fifths of their property went to their debtors. 
Up to 1780, when their family died out, their debts were over a 
million of guldens. During the thirty years' war the mines were 
almost destroyed, but in 1648 the Prince of Saxony, to which a 
large part of the territory had fallen, took the property in charge, 
and finding that almost all the shafts and gangways had fallen in, 
made, in the year 167 1, mining in the territory free under specified 
conditions. As the property was productive when there were no 
debts upon it, several companies were formed in the years 1674 
and 1675 to work the mines. They built at once four works, and 
a little later, two others, most of which exist under the same names 
to-day. These were : 

Ober Hiitte, near Eisleben; Creutz Hiilte, near Leimbach; Mittle 
Hutte, near Eisleben; Silber Hutte, near Mansfeldt. 
Then a little later : 

Wiesen Hiitte, at Gross Oerner, and Gottesbelohnungs Hiitte, at 
the same place. 

In 1723 Kupferkammer Hiitte near Hettstedt was built. 
These were worked by separate companies until 185 2, when they 
were all consolidated into the Mansfeldt Copper Slate Mining Com- 
pany. Connected at present with this company there are eleven 
works. The principle on which they are conducted is to preserve 
the old works as far as possible and, at the same time, to so carry 
on the work of concentration that only valuable products will be 
transported any distance. To serve this purpose, most of the shafts 
are connected with the furnaces and the furnaces with each other by 
rail, for which purpose the company own 18 locomotives and 446 
wagons. The ores which are to be brought to Krug Hiitte are car- 
ried by an overhead wire rope-way and are delivered automatically. 
Only those which are brought to Koch Hiitte are transported over 
ordinary roads. Of the eleven works, four are used for roasting the 
raw matte, two for roasting and concentration, two for grinding and 
desilverization, one for refining, one for treating scorias and two 
others for hammering and rolling. 

These works are situated in or near the following towns, com- 
mencing at the south : 
Sangerhausen. Kupfer Hiitte, Abandoned in 1885. 

{Krug Hiitte. 
Ober Hiitte. 
Mittel Hiitte. Abandoned. 
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Helbra. Koch Hutte. 

fEckhardt Hiitte. 
Creutz Hiitte. Abandoned. 
Katherinen Hutte. 
Silber Hiitte. Abandoned. 

{Gottesbelohnungs Hiitte. 
Kupferkammer Hiitte. 
Seige Hiitte. 
The map, Fig. i, shows the situation of all the works and the 
means of transportation, both by railways and roads, and also the 
private railways belonging to the company. Creutz Hiitte, Silber 
Hiitte, Mittel Hiitte and Kupfer Hiitte have been entirely aban- 
doned and the property sold. Katherinen Hiitte is only used for 
grinding the matte for desilverization. Since 1 880, the company 
have employed over 10,000 men. In 1888, they employed 14,178, 
13,960 of whom were engaged in mining. In that year, 469,716 
tons were extracted at a cost of 35.14 marks* per ton. 

The ores are composed mostly of chalcopyrite and chalcosite, 
with small quantities of galena, blende, arsenopyrite and pyrite, 
associated with very small quantities of the ores of nickel and cobalt, 
and occur as slates in beds in the Permian formation between walls 
of sandstone and compact limestone. These beds vary from 0.34 m. 
to 0.55 m. in thickness, but only a few centimetres are worth 
mining. The miners divide the beds into nine layers which they 
distinguish and work, though to the unpracticed eye but very little 
difference is seen between them. The ores are covered by beds of 
gypsum, which sometimes contains rock salt. As a general thing 
the lower layers of the ore contain the most silica and bitumen, 
while the upper ones contain more carbonate of lime. This allows 
of their being mixed in the furnace in such quantities as to make 
the charge self-fluxing. In the year 1889, the mines produced 
51 1,323 tons of ore at a cost of 33.57 marks per ton. This was 
gained by the extraction of 1,459,360 square metres or 360.6 acres, 
or about 3 1 square feet per ton of mineral extracted. It may be said 
in general terms that the ore east of Eisleben contains 2 per cent, to 3 
per cent, of copper and is the richest in silver; that the siliceous ores 
west of it contain from 5 per cent, to 10 per cent, and about half as 
much silver as those to the east; those to the north contain about 
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I ^ per cent of copper and about the same amount of silver as those 
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Fig. I. — Map showing the position of the Mansfeldt works. 



to the west. As they came from the mine in the year 1879 the 
ores had the following composition : 
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Otto Shaft. Otto Shaft. Ernst Shaft. Gluchhilf Shaft. 





Right side. 


Left side. 


Left side. 


Left sid< 


Silica, . 


38.42 


32.87 


33.15 


29.22 


Lime, . . . . 


10.93 


143^ 


H39 


12.66 


Magnesia, . 


3.53 


4.53 


2.32 


2.25 


Alumina, . 


15-93 


11.28 


12.90 


11.76 


Iron, . 


1.81 


0.85 


3.31 


2.97 


Copper, 


2.01 


2.93 


2.90 


2.88 


Silver, 


0015 


O.OI 


0016 


0021 


Sulphur, 


3.18 


396 


2.15 


4.97 


Carbonic acid, . 


7.02 


13.51 


10.47 


9.43 


Bitumen and loss. 


1463 


14.07 


9.89 


17.21 



They contain besides very small quantities of manganese, nickel, 
cobalt, zinc and lead, which were not determined. The ore is 
scattered irregularly through a bituminous slate in very fine parti- 
cles. It can be seen with a glass but not by the eye except in 
the bright sunlight as very small specks, or where the pyrites" 
is concentrated in some fossil, which is very often a fish. It 
requires a great deal of experience to see anything in the unroasted 
ore, but after roasting, a partial concentration of the sulphides takes 
place, so that the copper pyrites becomes visible in small grains. 
Within certain limits the composition of the ore is constant, and 
by long experience the workmen become accustomed to the kind 
and color of the rock, and can tell very nearly what the mineral 
contents of any particular ground in the mine will be, so as to 
mine or leave it. This fact is not sufficient for smelting pur- 
poses, as the ore frequently contains considerable zinc blende, 
which might lead into serious error. The assay of the ore was 
formerly made by taking an assay sample of a considerable quantity 
and smelting it in a shaft furnace, the same furnace being used for 
all the assays. As some of the ore was frequently not reduced or 
the residues of a previous melting were left in the furnace, it gave 
too high results. The ores are now assayed both by the coloro- 
metric and the electrolytic method. Assays are made very fre- 
quently on the mine samples. To effect this the mine sample is 
broken to about the size of a walnut and then thoroughly mixed 
with a shovel. It is then made into square heaps about 0.15 m. 
high, which are smoothed over on the top and sides. From this 
pile the width of a shovel parallel to each side is taken and placed 
by itself; another is then taken parallel to the two diagonals and 
placed by itself. The remainder is then carefully shoveled over 
and made again into a pile and the width of the shovel taken from 
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each diagonal. This makes three assay samples from the mine 
sample pile. Each one of these is reduced to powder and a small 
laboratory assay sample taken from it, for the determination of the 
value of the ore. 

The copper is determined as follows : Two grammes of the finely 
pulverized ore is placed in a porcelain crucible and heated in a 
muffle to drive off the volatile matter. It is then put into a beaker 
glass holding about 100 c.c, and 10 c.c. of a mixture of equal parts 
of nitric and sulphuric acid, with a few drops of muriatic acid 
poured on it, and heated on the sand-bath to dryness. The dry 
material is taken up with a mixture of one part of nitric acid and 
six parts of water, and warmed. The beaker is filled to two-thirds 
of its height ; a few drops of concentrated acetic acid is added to 
it, and it is left for a short time. The whole is then submitted to 
an electrical current without filtration. The electrodes are a small 
cylinder of sheet platinum which is connected with the negative 
pole of a Meidinger's battery, and a platinum spiral which is con- 
nected with the positive pole. The copper goes down on the 
platinum cylinder, which has been previously weighed, in eight to 
ten hours, and has a beautiful rose-red color. It is dried and 
weighed and the copper in the ore is thus determined. The de- 
termination of the silver is made by melting with lead and 
cupelling. 

The colorometric assay, as made in the raw matte smelting 
works, is done as follows : Two grammes of the pulverized material 
is placed in a porcelain dish, heated to redness, carefully stirring 
all the while to burn off the bitumen. When cold, the ore is 
placed in a beaker glass with 15 c.c. of a mixture of three parts of 
sulphuric acid at 30° B., and one part of nitric acid at 36° B., and 
heated in a sand-bath until the sulphuric acid disappears, when it 
becomes thick. It is then taken up in a graduated glass which up 
to a certain mark contains one and one-half times the volume of a 
normal glass, and then 30 c.c. of pure concentrated ammonia 
added to it after which it is filled to the mark with water and stirred. 
It is then left to stand until the insoluble residue and the alumina 
and iron oxide have settled. Then a normal glass full is filtered 
off and the shade of color determined by comparison with a known 
quantity dissolved in a similar glass. This is sufficiently exact for 
all furnace work. The tubes for comparison are made in the 
laboratory upon ores whose value has been ascertained in exactly 
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the same way. The average composition of the ores is 2^ per 
cent, to 3 per cent, copper and 0.015 per cent, of silver. 

The process of smelting consists of nine operations, which are 
carried on in the different works as shown in the table below. 

1. Calcining and burning the bitumen out of the slates, done at 
Krug Hiitte, Koch Hiitte, Eckardt Hiitte and Kupferkammer 
Hutte. 

2. Smelting for raw or first matte, done at Krug Hiitte, Koch 
Hiitte and Eckardt Hiitte and Kupferkammer Hiitte. 

3. Roasting the raw matte and making sulphuric acid, done at 
Kupferkammer Hiitte and Eckardt Hiitte. 

4. Concentration of the roasted matte to a richer matte, done at 
Kupferkammer Hiitte and Eckardt Hiitte. 

5. Grinding, roasting, and desilverizing the concentrated matte. 

{Katherinen Hiitte for matte from Eckardt Hiitte. 
Gottesbelohnungs Hiitte for matte from Kupfer- 
kammer Hiitte. 
i. The Ziervogel process carried out at Gottesbelohnungs 

Hutte. 
c. The electrical process carried out at Ober Hiitte. 

6. Smelting the cement silver, done at Gottesbelohnungs Hiitte. 

7. Making refined copper from the desilverized residues, done 
at Seige Hiitte and Gottesbelohnungs Hiitte. 

8. Treating and refining copper scorias, done at Seige Hiitte. 

9. Hammering and rolling the copper produced, done at Rothen- 
burg and Eterrwalde. 

The roasting and matte smelting is thus done at four works, 
the matte concentration at two, the sulphuric acid is made at two, 
desilverization and electrolytic work at one each, the refining at 
two and the hammering and rolling at one each. 

I. Calcining the Ore and Burning the Bitumen out of it, — This 
process is carried out at four different works as already pointed 
out. These works get their supply from the shafts nearest to them, 
or receive ore which is suited for their p>eculiar work from other 
shafts. The quantity of bitumen as well as the contents of the ore are 
not the same from the different districts, and hence, while the piles 
are all made in the same way, the details of the work vary slightly 
from one works to another. The ores are all brought from the 
various mines by road, by locomotive or by wire-rope tramway, 
which connect directly with the roasting yards. These yards, with 
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the exception of Koch Hiitte, are situated at or above the level of 
the charging floor of the furnaces. After being weighed, all the 
ore is run over grizzlies, the bars of which are from 0.005 m, to 0.0 1 
m. apart, to separate the coarse from the fines, which from some of 
the mines are in considerable quantities and from others in verj' 
small amount. The large pieces are roasted in long, narrow heaps, 
containing less than a thousand tons, which takes from four to five 
weeks. They were formerly roasted in large rectangular piles 
containing sometimes three thousand tons, which took six months 
to roast. This method has been abandoned for the smaller, nar- 
rower heaps, which have been found to be much more profitable, 
as much less capital is locked up in them and for a shorter time. 
The fines are slightly moistened and pressed by machines, driven 
by steam, into bricks about the size of an ordinary brick, and are 
either scattered through the pile of ore or are burned by themselves 
in a pile covered on the outside with unburned slate. All the roast- 
ing yards are paved with slag bricks. They are usually back of 
the furnaces. At Krug Hiitte they are at one end of the line of 
furnaces. At Koch Hiitte they are below the level of the furnaces. 
At Eckardt Hiitte and Kupferkammer Hfitte they are placed on 
the side of the hill above the top of the furnaces. The shape and 
size of the yard is determined by the lay of the ground, and varies 
from 100 to 300 m. in length and breadth. The piles are arranged 
in the same general way, which is usually at right angles to a wall. 
The height of the pile is generally from 2.5 m. to 3 m. These 
piles have usually the same height and width, but vary in length 
according to circumstances. The width is usually 4 m. on the 
ground and 2.5 m. on the top. The length varies from 10 m. to 
200 m. The wall skirts the edge of the yard when it is of irregu- 
lar shape, as at Krug Hiitte, or is at one side as in most of the 
other works. In this wall steps are placed at regular intervals to 
go to the level of the bottom of the piles. The top of this wall is 
connected by mine road with the supply of the ore. At Krug 
Hiitte this supply comes by wire-rope tramway in two opposite 
directions. All the wagons arrive at the same place on a high 
wooden platform, and are all shunted by one man, who empties 
them into shutes, from which the ore- wagons for making the piles 
are filled. The permanent lines of railway for these wagons end at 
the top of the wall, and are at right angles to it. In all the other 



94 THE QUARTERLY. 

works, except Krug Hutte, the ore arrives either by train or by 
cart. 

When the space for a pile is empty, the place which it is to 
occupy is outlined by making two piles 0.65 m. high and wide, which 
represent the outside of the pile which is to be built, leaving the 
space between the two empty. This is done by the man in charge 
of the roasting yard for the whole length which the pile is to be, 
when finished. On top of these two piles a little brushwood is 
laid and kept in its place by large pieces of ore laid on it. When 
this has been done, the ore is dumped from the top of the wall to 
the height of the two piles and made level with them fof a short 
distance. A plate of sheet-iron is laid down at its end for the 
empty car to turn upon, and two rails bent up to catch the wagon 
and prevent it from filling over when it is emptied, and the ore is 
dumped from the wall into ore-cars on a level with the top of the 
low pile, and a certain length between the two piles is filled up with 
ore without any fuel. Rails are laid down on the top of the low pile 
so constructed, having sheet-iron at the end for a turntable. A 
large quantity of mine rail bound together by iron ties in lengths of 
4 m. is kept constantly on hand, and this is used both for the purpose 
of constructing the piles and of taking them down. They are very 
quickly laid down and taken up. The pile is then finished to the 
height of the wall for the distance to which it is filled between the 
side, piles below, the tracks and turntables being put down as the pile 
advances. When this is completed, bent rails to catch the tipping 
cars and prevent them from falling on to the lower level are placed 
above, and another twenty metres of the pile is finished below to 
the height of the outside pile, and so on until the pile is com- 
pleted. It generally does not take more than three or four days 
to build a pile holding 600 to 800 tons. There is a great advan- 
tage in building the pile in this way, both as to economy of con- 
struction and also as to the burning of the pile, for the constant 
transportation over the two sections of the pile serves to settle it 
and makes the passage of the air less easy, and when there has 
been an agglomeration from too much heat, makes the agglomer- 
ated masses in the heaps break up easier, so that they can be 
transported. These piles are placed together as closely as pos- 
sible, only sufficient roorp to walk between them being left. When 
the pile is to be lighted, it is done along both sides of it with red- 
hot slag. This is placed both on the brushwood and under the 
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slates. There is sufficient bitumen in the slates for them to take 
fire easily, and the pile requires but little watching, except to see 
that it is well lighted at the start, after which it is left to itself. 
The burning takes place entirely in the open air, but the piles 
rarely go out. The piles vary from 200 to 800, or even a 1 000 
tons, depending on their length. It takes usually from four to six 
weeks to burn a pile, depending upon its size and the quantity of 
fines it contains. The ore loses from 8 to 20 per cent, in burning, 
most of which is bitumen, though some of the ores contain a 
little carbonic acid. The pieces do not differ in shape after burn- 
ing, but are a little more friable. It is readily seen in the daytime 
that the piles are hot in the middle, but no flame is seen except at 
night, and then only a very short blue one. 
In 1850 the analysis of the roasted ores was : 





From the 
31st District. 


From the 

Schafbreite 

District. 


From the 
Gluckauf 
District. 


Frorn the 

Sangerhausen 

District. 


Silica, . 


. 49 


50 


49.20 


52.92 


Lime, . 


. 18.10 


13.20 


15.60 


9.99 


Magnesia, 


. 4.14 


3-30 


4.50 


4.65 


Alumina, 


. 153" 


18 


16 


15.67 


Oxide of iron, 


. 8 


8 


8 


8 



The sulphur was not determined. 

It was thought at one time that it might be desirable to save 
the bitumen in the slates. An attempt was made to distil it out 
in retorts, but it did not prove profitable. 

The reactions which take place in the pile are very slight. The 
bituminous matters are volatilized and burned. The carbonic 
acid is driven off. A very small quantity of the sulphur and of the 
arsenic and antimony is drivdh off, but the main result is to get 
rid of the bitumen. When finished, the ore is, in most of the piles 
at the front, where the brushwood was used, more or less sintered. 
To overcome any inconvenience which might arise from this cause, 
the ore below this point is taken out first on both sides for some 
depth over a considerable length. The sintered part is supported 
by wooden props. When these are removed the falling of the top 
generally breaks up the sintered lumps, and those which are too 
large are usually broken up with a triangular hoe. 

Flue-dust from the furnaces, when it does not contain lead, and 
the fines of the ore are made up into bricks and roasted in the 
piles. This is done by moistening them with water and pressing 
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them in a brick machine. When there is but a small quantity of 
the fines, these bricks are scattered through the piles of ore, but 
when there is a very large quantity of lead, as there frequently is 
at Eckardt Hiitte, the dust is collected for a special treatment. 
At Koch Hiitte and Kupferkammer Hiitte the quantity of fines 
is so large that they are obliged to treat them separately. These 
fines come from the sifting of the ore at the mines which still con- 
tain bitumen and from the sifting of the ore at the piles which 
contain none. The two are mixed together by making a pile to 
which alternate shovels of the fine burned and unburned ore, pre- 
viously wetted up with a little water, are thrown. When the pile 
is about 0.40 m. high and of the same diameter, it is mixed together 
and made in a machine into bricks 0.25 m. X 0.12 m. X 0.06. m. 
These are dried and burned. They are not very strong when they 
are finished, but are much better than the fines, and when burned 
are strong enough to be charged in the furnace. At Koch Hiitte 
the quantity of fines to be treated is so large that they are burned 
in piles made exclusively for them. To do this a pile is laid out in 
the regular way, the bottom being prepared with ore as usual. On 
this the bricks are piled, leaving spaces between them for the air to 
circulate. This is done up to about 0.40 m. of the top. The sides 
are made to recede regularly in steps, leaving about the same space 
from the outside of the pile in each bed, so that the cover is sup- 
ported in each layer about the length of one brick. The top and 
sides are made of the slates and the pile is burned in the ordinary 
way. This disposes in a very advantageous way of all the fines. 
In these piles copper sulphate is often seen on the surface of the 
bricks, while it is rarely seen on the ore. None of the roasting 
yards are completely covered wifh piles. There are always a 
larger number under treatment than being taken down, and plenty 
of space to build new piles. At Krug Hiitte I counted ten that 
were 50 to 60 metres long or longer, with many others of smaller 
size. 

When the pile is finished the ore is carried away in iron wagons 
which tip forward. Two piles are built very close together, but 
this causes no inconvenience in taking them down, for generally 
the two heaps together are being loaded into wagons, and they 
are so arranged that when the rails cannot be laid on both sides 
of the pile, they can be in front of each, and then as the end is 
removed faster from one than the other, one at least of them can 
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be attacked from both sides and the end. If the pile contains 
600 to Soo tons, it has taken three days to build it, four weeks to 
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Fig. 2.— Krug Hmic Furnaces. 



Scale of Melreij. 
bum it and eight days to take it down, so that every ore-roasting 
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heap space may be occupied at least eight times a year. The 
piles are quickly taken down, as in two of them the incline is 
from them towards the top of the furnace. At Eckardt Hiitte, 
where the ore contains less bitumen, the piles are burned in fifteen 
days, and the space can be oftener occupied. These slates lose 
only about eight per cent, of their weight in burning. 

2. Smelting for Raw or First Matte. — From the roasting piles the 
slates go directly to the furnaces. They are carried in iron wagons 
which hold one-third of a ton. They, however, are weighed before 
being charged into the furnace. The construction of the wagon is 
different according to the position of the roasting heaps and also 
the kind of furnace used. For the furnaces which have charging 
apparatus they tip forward. At Eckardt Hiitte they are cup and 
cone wagons. The wagons are raised to the top of the furnace, when 
the roasting heaps are below, by a lift. When they are above the 
top, they are pushed down by men. The furnaces used for smelting 
ore are of different sizes and types, and vary in number in the 
different works according to the work to be done. At Krug Hiitte 
there are four; at Koch Hiitte there are six ; at Eckardt Hiitte 
there are five; and at Kupferkammer Hiitte there are three ; or 
1 8 shaft furnaces in all. These* furnaces are shown in Figs. 2, 3 
and 4. They are of two kinds. In one of them, the hearth is 
entirely interior, where the separation of the matte and the slag 
takes place by the difference in gravity between the two, in the 
furnace itself The slag discharge, which is 0.60 m. above the 
hearth, allows the melted slag to flow continuously, while the 
matte collects until it is so near the level of the slag that if it is 
allowed to rise any higher, the slag will be likely to contain grains 
of it. The matte is cast through a tap-hole on a level with the 
bottom of the crucible into conical vessels, where the grains of 
matte which may have been carried off by the slag will have a 
chance to settle. These furnaces, Fig. 2, are in use at Krug Hiitte 
and at Kupferkammer Hiitte. In the second kind of furnaces 
there is no interior hearth. The slag and the matte flow out to- 
gether to the fore- hearth, as in the works at Koch Hiitte, Fig. 3, 
and Eckardt Hiitte, Fig. 4, and also formerly in the works at Sanger- 
hausen which are now abandoned. The slag flows continuously 
from the fore-hearth, but is caught in a series of conical vessels in 
order to give any grains of matte carried off in it time to settle. 
The matte is cast in thin plates on cast-iron floors, so that it can, 
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when cool, be broken up. The shape and height of the furnaces is 
also different, which is owing to the constitution of the ores. Those 
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where high furnaces are used, as at Krug Hutte, contain but little 
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iron, so that they can use hot blast without danger of sows, while 
at Eckardt Hiitte, lower furnaces and cold blast must be used on 
account of the danger of forming them. The presence of much zinc 
in the ores also requires lower furnaces. The furnaces with no fore- 
hearth require a higher pressure of blast. They often, when work- 
ing at their full capacity, treat as much as i6o tons of ore a day, 
but as their reducing action is at a maximum, they produce iron 
sows which retain some copper and make the working of the fur- 
nace difficult. Those with interior hearth, in which the whole con- 
tents of the furnace is discharged into a receptacle entirely outside 
of the furnace, require a less pressure of blast, but they cannot 
treat more than ico tons of ore a day. This diminution in pro- 
duction is more than compensated for by the fact that all the 
metallic iron produced passes with the other contents of the fur- 
nace into the fore-hearth and consequently no " loups " or " sows " 
are formed in the furnace. The charging apparatus at Krug Hiitte, 
Fig. 2, and Koch Hiitte, Fig. 3, is the cup and cone, which is 
moved by a crank by hand. The crane has one large wheel with 
a small pinion. The cone is so arranged that it can be either 
raised or lowered. At Kupferkammer Hiitte, Langen's charging 
apparatus is used. At Eckardt Hiitte, Fig. 4, the throat is en- 
tirely open and a cup and cone wagon is used. To avoid any 
danger which might arise from this disposition, the front of the 
throat is closed by an iron grating, which opens automatically when 
the charging wagon approaches it, and is closed in the same way 
when it is withdrawn. By these arrangements the charge can be 
made just where the working of the furnace requires it to be. 
Generally, the ore is charged against the sides and the coke in 
tiie middle. When mechanical chargers are used, care is taken 
to close the joints of the cup and the cone, as soon as a charge has 
been made, with fine ore and to cover over the charge after it has 
been put into the hopper with wooden covers. 

The blast for these furnaces is produced by either steam or water- 
engines. These last were largely used at first, but are now aban- 
doned, except at Eckardt Hiitte. The steam-engines are arranged 
as shown below : 
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In addition to these, there are at Eckardt Hutte, two screw ma- 
chines (Cagniardelles), which are run by water-wheels when there 
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Fig. 4.— Eckardt Hfltte Furnaces. 



Scale of Metres. 



IS sufficient water to use them. The quantity of blast, as well as 
VOL. XII.— 8 
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its pressure, is regulated by the needs of the furnace. The amount 
consumed per ton is : 

KrugHUtte, . . . .' 183 Cb. M. 

Kupferkammer Hatte, 108 " 

Eckardt Hatte 88 " 

Koch Hatte, 121 " 

At Krug Hiitte, the blast is heated by two pistol-pipe ovens to 
200° to 300° C, but this serves for two furnaces only. One was 
out of blast and one was run with cold air. There was not com- 
bustible gas enough to furnish the boilers and heat the air for all 
the furnaces at the same time. At Kupferkammer Hiitte thd blast 
is heated also in pistol-pipe ovens to 125° to 130° C. or even 150*^ 
C, depending upon the quantity ol combustible gas given ofiF. At 
the other furnaces the blast is cold, but the gases at Koch Hiitte 
are taken ofifand burned under the boilers. At Krug Hiitte there 
are two spherical regulators about six metres in diameter and in 
addition, a conduit pipe, the length of the furnace-house, and one 
metre in diameter. Generally, there are no special regulators, the 
blast conduit pipe being sufficiently long and large to serve for 
that purpose. The tuyeres are of copper and water cooled. The 
number of tuyeres for each furnace are given below: 

Krug Htttte, 6 

Koch Hatte, 4 

Eckardt Hatte 3 

Kupferkammer Htttte, * 7 

The number of tuyeres depends upon the quantity of blast to be 
delivered to each furnace. As the slates usually contain all the 
material required for making a fusible slag, nothing but materials 
containing copper, which are rich slags containing grains of matte 
which come from the different furnaces, are added. Occasionally, 
when the ore contains an excess of silica the verj^ basic slates 
from the mine roof are used. Formerly, fluorspar was used as 
a flux and gave a blue, brittle slag, which cooled quickly and 
was not suitable for the manufacture of slag — stone or bricks. It 
is no longer used except when the slag becomes pasty and the 
tuyeres are dark, and then only to cure the difficulty. The fuel 
used is exclusively coke from Westphalia, which has only five per 
cent, of ash. It it quite strong and from 125 to 200 kilos per ton 
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of ore is used, according to its fusibility. The average for 1889 
was 185. The temperature of the gases escaping from the top of 
the furnace is from 100° to 300° C. They are carried into dust 
chambers of masonry through cast-iron pipes. The dust collected 
there is made into bricks and burned with the ore. After passing 
the dust-chambers the gases at Eckardt Hiitte escape into the air. 
At the other furnaces they serve either to heat the boilers or the 
air or both, in order to make use of the carbonic oxide which they 
contain, the quantity depending on the greater or less quantity of 
fuel used. 

The analyses of these gases is given below : 





Krug Hiitte. 


Koch Hiitte. 


Eckardt 
Hutte. 


Kupferkam 


nier Hiitte. 




18S1. 


1888. 


x883. 


1888. 


z88i. 


.1888. 


Carbonic acid, . 
Carbonic oxide, 
Oxygen, . . . 
Nitrogen, . . . 


10.8 

16.8 

0.4 

72.0 


9-3 
18.8 

• •  

71.9 


II.I 

20.6 

• • B 

68.3 


13-6 
15.2 

a • • 

71.2 


150 

14.0 

O.I 

709 

• 


15-5 
12.8 

•  • 

71.7 


1 00.0 


1000 


I 00.0 


1000 


1000 


1 00.0 



Furnaces with interior hearths are used at Krug Hiitte and 
Kupferkammer Hiitte. At Krug Hiitte there are four, Fig. 2 ; at 
Kupferkammer Hiitte there are three. One of these is being rebuilt 
on the model of those used at Koch Hiitte, Fig. 3. It is probable 
that one other will be remodeled in the same way. The arrange-^ 
nv?nt of these furnaces differs but little. At Krug Hiitte the fore- 
hearth ij made of two cast-iron vessels in the shape of truncated 
cones set on the largest base. They are 0.75 m. on the bottom 
and 0.60 m. on the top, and are 0.75 m. high. On the bottom 
of each is an opening, which below is 0.15 m. long and 0.20 m. 
high and 0.25 m. wide. There are two of these vessels set facing 
each other on the platform of a cast-iron car with four wheels, so 
that the openings face each other and form when connected a canal 
communicating with both. The joints are luted with clay. As 
the top of the wagon projects considerably over the wheels, it 
would, while moving away from the furnace and being manipulated 
afterwards, be in a state of unstable equilibrium, so that a set of 
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V-opcnings are cast on the under side, into which temporary feet 
are placed while it is being manipulated or when it is drawn away 
from the furnace, to prevent its tipping over. There are also places 
cast in the same way on the bottom to receive the handles with 
which the wagon is shoved when it is moved. These are inserted 
and the wag6n pushed. The first one of the conical pots is slightly 
lower than the one next the furnace, and has two cast-iron spouts 
bolted on to it at the top, one in the direction of the long axis of the 
wagon and the other at right angles to it, about 0.20 m. wide, 0.25 
m. long and 0.20 m. deep. They are used alternately when it is 
necessary to change the overflow slag pots when one is full and an 
empty one is to be placed to receive the slag. On one side at the 
bottom is a hole, for tapping the matte, which is collected at the end 
of the run. The slag flows from the furnace into the first vessel 
and through the opening in the bottom into the second, and from 
there through one or the other of the spouts into the ordinary slag 
wagon on wheels, and from the slag collected in these the matte 
knobs are broken when the slag is cold. The slag is pasty, but is 
poor and can be thrown away. At the time of casting the matte, 
which is done every eight hours, this fore-hearth is removed. When 
it has become sufficiently cool, the slag and matte from the inside 
is tapped out at the bottom. This is collected in a conical pot. 
The knobs are broken from it, but all this slag is sufficiently rich to 
be retreated, and goes back into the furnace after the interior has 
been tapped out. The two cast-iron pots together are lifted off the 
platform of the wagon by a crane and held for some time in suspen- 
sion. The slag which is cooled on the outside, is a casting the 
shape of the inside of the pots and remains on the platform. 
During this manipulation the temporary feet are placed under the 
wagon. After a little time, when it is solid, the slag is pried oflT 
of the platform of the wagon, and is thrown to the ground, and in 
about twelve hours is picked over. When all the slag is ofT, the 
platform is covered with sand or ashes, the top placed on it, and it 
is ready for use again. The fore-hearth is made over in this way 
every eight hours. 

At Kupferkammer Hutte,and Koch Hiitte the details of remov- 
ing the slag are somewhat different, although the principle is the 
same. The slag runs from the furnace into a conical cast-iron pot on 
wheels. 1.30 m. in diameter and i m. deep, which, when the matte 
has been cast, takes about fifteen minutes to fill. While it is filling, 
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the spout is dammed with ashes, and when it is full the top is also 
covered with ashes. The dam in the spout is removed and the 
slag flows over into a receiver. This receiver is made of two 
wagons, the castriron tops of which are covered with cast-iron 
boxes having sloping sides. They are the ordinary slag wagons of 
the works. They are i m. long, 0.75 m. wide below, and 0.75 m. long, 
and 0.55 m. wide above, and 0.75 high. These wagons are keyed 
together so as to be perfectly firm. On the lower part of these 
boxes there is an opening 0.30 m. wide and 0.25 m. high on the 
facing sides of the two wagons. This is covered over by a piece of 
iron bent twice at right angles so as to form three sides, which are 
firmly clamped after being hammered to place. On the outside of 
the wagon two spouts at right angles to each other are placed, 
one being dammed while the other is running, and under these the 
ordinary slag-pot is placed. All the joints in the two wagons are 
closed with clay, and ashes are thrown over the bottom to prevent 
the slag from sticking. The conical pot and wagons have open- 
ings in them at the side at about half their height. The one in 
the conical pot next the furnace is closed with clay, those in the 
wagons with a plate of iron placed over it and held in place by a 
rod, against which a wedge is adjusted for the purpose. The 
object of these holes is to tap off the upper part of the slag in each 
when they are removed just before casting the matte. This slag 
is poor enough to be thrown away. The slag below is rich and 
must be saved. The conical pot in front of the furnace and the 
wagons are entirely independent the one of the other. When the 
conical pot is half full ashes are thrown on the surface to prevent 
loss of heat. This cover is increased little by little until the pot is 
full. The wagons are treated in the same way. When they are 
full the overflow runs into an ordinary slag wagon. 

At the time of casting the matte, everything is removed from 
the front of the furnace, the poor slag on top of the conical pot 
and the wagons is tapped oflT, and the wagons carried to the crane 
to have their sides removed. The conical pot is turned over and 
the rich cone of matte below broken off. All of the slag remain- 
ing in both pot and wagons is broken up and goes through the 
furnace. At some of the furnaces these pots are round, cast in 
two pieces, and the conical pot is the overflow. No special differ- 
ence is found in the working of the two. If any difference is found 
it is in favor of the round on account of the simplicity of the cast- 
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ing. On the other hand it must be said that there must always 
be^ a number of extra slag wagons on hand, and that this disposi- 
tion reduces the number of castings required for the works. 

When the crucible of the furnace is full, which is every eight 
hours, the matte is cast by a runner into a bed, the bottom of which 
is made of cast-iron plates and the sides of a dam 0.15 m. high. 
These beds are from 5 to 6 m. square, their size depending on the 
space which can be utilized near the furnace. The matte is cast 
through a runner made of cast or wrought iron lined with clay. 
To prievent the matte from spattering and to make it run evenly, at 
Kupferkammer Hiitte, two rings of cast-iron, 0.50 m. in diameter, 
one above the other, are placed at the end of the trough which 
serves to spread the matte. The matte contains 30 per cent, to 
50 per cent, of copper. The ordinary run is 12 tons of matte, but 
18 tons are sometimes made. In the old style of furnace at these 
works, as much as 150 to 160 tons of ore and slag were put through 
the furnace, but, in the new one being built, not more than 100 
tons can be treated, the object of which is not to charge any more 
of the rich slags from the matte concentration, which, in the near 
future, will be smelted by themselves. The old furnaces have seven 
tuyeres; the new ones only four. They have frequently to be 
rodded. Once a week, in these works, the whole charge of the 
furnace is run out into a basin in front and the hearth cleaned. 
The matte is cast from this receptacle. The slags are very rich 
and are put back into the furnace. Generally, much zinc oxide 
and fumes of sulphuric acid are given off during the time of casting 
and from the matte bed. When it is cool, the matte is covered 
with sulphur, which continues liquid long after the matte is black. 
While the casting is going on, after the matte is in the bed, as 
many as twelve assay samples are taken in a little iron spoon 
attached to a long handle. These are cooled in water and are 
collected in an iron box. Many samples of the slags are taken 
just before casting by plunging an iron rod into them, which is 
immediately cooled in water. When all the matte is out of the 
furnace and the slag commences to run, the end of the casting 
trough is closed. The slag and matte which collect in it are sepa- 
rated when cold. After every fifth casting at Knig Hiitte, the 
whole contents of the crucible of the furnace is allowed to flow 
into a conical receptacle made at the sides of the furnace, which 
is lined with brasque and which is 1. 20 m. in diameter and i m. 
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deep, in order to effect a liquation and to get rid of the sows which 
commence to form. The bottom of this basin is divided into three 
parts by slag blocks to make the separation of the sows easier. 
When the basin is full, it is covered with ashes to keep in the heat 
and allowed to remain for six hours. The matte is then tapped 
from top. The contents of the basin separate into two distinct 
parts. The bottom is an iron sow containing copper and very rich 
in nickel, and is sold to England. The upper part is matte, which 
is cast as usual. The tap-hole is opened with an iron point, which 
is driven in with sledges. When it cannot be easily withdrawn, a 
I yoke is attached to the end and it is driven out with sledges. 

When the tap-hole has been eaten out, so that it is no longer round, 
it is filled up with clay. This is done by pressing the clay around 
a stick the size that the tap-hole ought to be. This is driven in 
tight up to the level of the ordinary tap-hole opening. The front 
is stopped with clay as usual. The stick burns out and leaves 
the tap-hole the usual size. The tuyeres need constant rodding. 
The furnaces at Koch Hutte and Eckardt Hiitte, Figs. 3 and 4, 
are quite similar in construction, those at Eckardt Hiitte being 
lower and worked with an open throat, while those at Koch Hiitte 
are much higher and are charged with a cup and cone. At Koch 
Hiitte there are six furnaces arranged in a line. The furnaces 
have an iron mantel, which is 1.20 m. above the tuyeres. This 
mantel is 1.50 m. high. The wind regulator is a conduit, 2 m. in 
diameter, which is supported in front of the furnace by hangers 
from the roof The gases are taken from the throat and burned 
under the boilers, but the furnace is run with cold air. Each fur- 
nace has a dust chamber, 2 m. square and 5 m. high. The dust 
is mixed with fine ore made into bricks and burned in the piles. 
The slag is made into bricks in a yard back of and on a level with 
the bottom of the furnaces. The bottom of the furnace is i m. 
above the ground and is surrounded by a set of cast-iron plates. 
The top of it is reached by steps. Between these walls are the 
conical pots into which the contents of the furnace, slag and matte 
together, flow continuously. These pots are lined with brasque. 
The overflow from these fore-hearths runs into slag wagons con- 
structed on the same principle as at Krug Hiitte, but differently 
arranged as already described. The furnace is tapped every eight 
hours into each one of these basins alternately, and from there 
tapped into the casting beds, which are paved with cast-iron and 
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are at the corners of the furnace. When, after eight hours' con- 
tinuous discharge of the contents of the furnace into the reception 
basins,' the matte is to be cast, the fore-hearth is taken away. The 
crust on the top of the conical basin is broken off and a rod run 
through the tap-hole from the inside of the matte basins. In 
order to keep the matte from spattering as it runs out, an iron 
ring, 0.25 m., covered with clay, is placed at the end of the trough 
and in this way the matte is distributed over the entire surface of 
the casting-bed. Some of the slag runs out with the matte and 
this is easily removed with an iron tool and is immediately put 
back into the furnace. During the casting or after it, while the 
matte is still liquid on the casting floor, six assays are taken with 
a spoon from different parts of the matte bed. When the tapping 
is finished, the tap-hole is plugged, the men doing it, being pro- 
tected with an iron screen. At Eckardt Hiitte, there are five fur- 
naces, one of which is used for smelting the dust bricks containing 
lead. Compared with the other furnaces, they are very small, 
being only 5j!^ m.in height and 1.35 m. at the hearth. They have 
only three tuyeres. They are charged with a cup and cone wagon, 
which makes the charge into a hopper set in the top of the fur- 
nace. The entrance to the throat is closed with an iron door 
which opens automatically. The gas outlet is near the top. The 
pipe runs up and then back into a large cylinder in front of the 
furnace. The dust collected in it is settled m hoppers and dis- 
charged from them by pipes with slide valves. The matte is cast 
into a conical cast-iron vessel. The slags are very liquid and run 
easily, so that only one conical overflow pot is used. They are 
very poor, containing not over 0.2 per cent, of copper. In twenty- 
four hours, 95 tons are treated. The coke used is 3 per cent of 
the charge. 

The reactions which take place in these furnaces are very simple. 
The slates, having been previously calcined, contain very little 
foreign matter which can be driven off by heat, but what little 
there is goes off with the gas By the time the middle of the fur- 
nace is reached the temperature is high enough to decompose the 
sulphates which have been formed during the roasting, and to 
drive off any carbonic acid which has remained in the slates. 
The oxides are reduced in contact with the coke and the carbonic 
oxide, and as there is an excess of sulphur, become sulphides. 
When it comes down to the hearth, the heat is high enough to 
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melt the charge. The silica attacks the unreduced oxides and 
earths and forms silicates, which melt. The reduced metals com- 
bine with sulphur and melt into a matte, which, beings of much 
greater gravity than the silicates, separate from them in the cru- 
cible, but, as the sulphur is always in excess, part of it is volatil- 
ized and forms, with the reduced zinc, deposits of sulphide of zinc 
in the upper part of the furnace. Part of the reduced zinc passes 
into the air and is oxidized and deposits in part in dust chambers 
or is carried into the air. Some of the zinc passes into the mattes 
and part is oxidized while the contents of the crucible are dis- 
charged in tapping. A considerable amount of dust carried oflF 
by the gases collects in the dust chambers. When this contains 
sufficient copper it is mixed with the fine ore and made into bricks, 
which are roasted with the ore. At Kupferkammer Hiitte the 
dust collected from these chambers contains considerable quanti- 
ties of lead. This is sent to Eckardt Hiitte to be treated for 
lead, with the dust which is collected there, which contains ten 
per cent, of lead and two per cent, of copper. Not more than 
50 per cent, of this material is collected at Eckardt Hiitte, as the 
furnace runs with an open throat. The lead which is contained in 
the dust is divided as follows : 

Regained, 50.1 per cent. 

In the matte, 15.4 " 

In the scoria, 25. " 

Volatilized and lost, . . ' 9.5 ** 



100 " 



The furnace in which this dust is treated is blown with the 
Cagniardelles, which work very slowly but give plenty of press- 
ure. Besides the shaft furnaces for matte, there is in the same 
building at Eckardt Hiitte one small furnace for the treatment of 
dross and one for the treatment of the concentrated matte slags. 
The quantity of ore treated per day in each of these furnaces is 
given below : 

Krug HUtte, 136 tons. 

Koch Hutte loi '* 

Kupferkammer Hatte, 134 •* 

Eckardt HOlte, . . . 80 " 

As the result of the fusion, several substances are produced. 
The most important one of these is matte. There are produced 
besides, the slag and a small quantity of iron sows and of attach- 
ment to the furnaces, such as cadmia. The sows contain a very 
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large number of substances. These are iron, manq^anese, cobalt, 
nickel, zinc, arsenic, molybdenum, vanadium, copper, silver, sul- 
phur, carbon, phosphorus and silicon. The cadmia are made up 
of zinc oxides and sulphides, which contain some unmelted slates 
and coke dust. The mattes are of a blueish, iron -gray color, and 
correspond to the blue mattes or regulus of the English process. 
It varies somewhat in composition with the ores. It has a .specific 
gravity of 4.7 to 4.8. Those from Kupferkammer Hiitte, where 
the zinc is in large quantity, contain whitish streaks. These run 
from 30 to 50 per cent, of copper, and from o.i to 0.8 per cent of 
silver, with more or less large quantities of iron manganese, cobalt, 
nickel, zinc and lead. The quantity of sulphur they contain is 
usually 23 to 27 per cent. If the mattes are cooled rapidly in thin 
sheets they are quite compact, but when they cool slowly and in 
large masses they contain bubble-holes filled with moss copper. 
When cast in thin plates the copper does not have time to sepa- 
rate, but when cast in conical pots, where the cooling takes place 
from the outside in, and slowly, the separation always takes place, 
especially where the mattes contain from 40 to 50 per cent, of cop- 
per. When they are richer or poorer it is not so apt to form. 
The moss always forms in the bubble-holes produced by the evo- 
lution of gas, and when the cooling takes place rapidly these do 
not have time to form. The composition of the matte is very 
nearly CugS + FegS. When the separation takes place, the 
reaction is, according to Scheerer, CujS + FejS = Cu^ + 2 FeS. 
The matte is rarely crystallized, and when it is, it is a combination 
of the octahedron and cube. 

The quantity of ore treated in 1889 was 502,750 tons, which 
yielded 39,588.4 tons of matte. Of this amount, 

Krug Htttte, treated, 132,150 

Koch HOtie, " i50.ocx> 

Eckardt Haite, " 116,000 

Kupferkammer HQtte, ** 104,600 

502,750 

The yield of the ore, deducting the rich slags and furnace resi- 
dues which have been added to the charge, was, in 1889, 3.292 
per cent, of copper and 0.0194 per cent, of silver or six ounces to 
the ton. The quantity of matte produced was 8.47 per cent, of 
the ore treated. It varies from year to year from 4 to 9 per cent., 
according to the richness of the ore. The matte is sent at once 
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to the Kupferkammer Hiitte and Eckardt Hutte to be roasted and 
concentrated. The composition of the matte is given in the table 
below : 



Iron, 

Manganese,. 

Nickel, 

Cobalt 

Arsenic, 

Zinc, 

Lead, 

Copper, 

Silver, 

Snlphur 



Kupferkammer 
Htitte. 



26.6 



0.59 
o.x8o 



9.»49 
X.210 

30.5 
0.152 



ai.56 27.54 
0.648 



0.398; 0.49 

I 

0.366 0.X3 
O.X3 



7.02 
0.60 
39.06 
0.340 



8.73 
X.06 

31.64 
0.156 



Knig Hmtc. 



a.o .24.325 



0.85 



20.53 



Eckardt HQtte. 



0.35 j 0.3 0.36 



o.ox 



0.292 0.03 
0.08 



35.9 21.867 26.34 
' 0.533 



0.47 



0.485 0.327 

0.05 I 0.383. 0-04 

0.X06 

I ! ' 

4.57 3. 711 4.48 I 5.55 a. 867 5.87 

X.046 0.745 1. 13 

36.4 46.30 37.36 

0.18 0.366 0.17 



0.69 



0.537 0.75 



26.229I 37.50 



44.9 41.36 43.80 

I I 

0.33 0.326, 0.3X 
,25.8X525.5 



Koch Hiitte. 



23-778 



20.970 2X.48 
X.080 



0.486 
0.4x6 



0.205 0.49 

I 

0.X41 0.13 



0.086 



34.401 26.0 



3.0x3 3.4x3 
0.643 
44.815 



3.01 



0.675 0.75 
44.5 43.83 



0.255 



0.335 0.36 

I 
25.368 36.70 



The slag is composed of the materials which are not reduced 
by the carbon. They are singulo-silicates of alumina mixed with 
singulo- and bi-silicates, earths and metallic oxides, and contain 
besides the oxides of the partly oxidized metals. Tri-silicates are 
very seldom found. They have a density varying from 2.5 to 3. 
The following are the analyses of the slags made for the most 
part in 1888: 



Krug 
iHatte. 



Koch 
Hutte. 



Lime, 

Magnesia, 

Alumina 

Iron Oxide, 

Manganese Oxide, 

Nickel and Cobalt Oxide,. 
2Snc Oxide, 



1888. 



»8.35 
6.733 



x888. 



23.187 
3.33 



X4.835' X7.001 



I 



4.725 



0.697 0.338 
0.063' Trace. 
X.165 0.693 
Lead Oxide, 0.333 o.xx8 



4.643 



Coppei Oxide,. 

Silica, 

Flttor 



Total.. 



0.289' 0.377 
47.63 48.465 



94.708 96.93X 



E :k'dt 
Hutte. 



x888. 

2X.510 
0.847 

16.525 
a. 768 

0.744 
Trace. 

0.934 
Trace. 

0.3 
46.39 



Kupferkammer Hutte. 



i88x. 



90.0x8 



19.29 

3.23 

16.35 

10.75 



X.36 



30.39 ' 19.50 X9.X5 



x888. 



4.37 



8.03 



15.67 18.17 
8.73 5. 89 



I. XX 



3.57 



0.75 

48.33 



99.85 



0.67 0.33 

I 

50.0 48.38 
' 0.99 



100.84 99-75 



3.677 
i7.6<6 

7.213 
0.837 
0.038 
3.056 
0.065 

0.333 
46. 8x 



Sangerhausen 
Hutte. 



x88x. 



33.10 
X.67 

4.43 
4.37 



97.802 



33.40 
0.87 
7.83 
7.47 



0.35 

53.83 
3.09 



0.30 

57.43 
1.97 



99-74 



99.37 
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The slags in the normal working of the furnace run thin. This 
is necessary in order to allow of as complete a separation of the 
matte from it, in the crucible of the furnace as possible, and to 
make sure that any grains of it carried off into the fore-hearth 
will settle there. There is but little loss of copper from this 
cause. Most of it is from the formation of copper oxide^ which 
combines with the silica of the slag. All attempts to prevent this 
entirely have failed, though, from the constant attention paid to it, 
the slags do not usually contain more than from two-tenths to 
three-tenths of copper. They are the poorest copper slags known. 
When these slags are cooled as they run from the furnace, they 
are glossy and dark-colored and look like obsidian, and in such a 
condition they are sent to the dump-heaps. When, however, they 
are made to cool very slowly, they appear clear, and they become 
gray and crystalline, so hard that they strike fire with a steel. 
In such a condition they can be used in construction. As the 
weight of the slag is very nearly that of the ore charged in the 
furnace, and the amount is over 400,000 tons annually, they would 
occupy, if thrown away, so large a space that they would be a 
serious source of expense, for which reason they are now moulded 
into shape and sold for paving and building stone. In order to 
accomplish this, the slag, after passing the fore-hearth, is made 
to flow into cast-iron wagons with flaring sides, which are easily 
movable. These wagons resemble in every particular the cars 
used to transport slags from iron blast-furnaces. The ends of 
the tops of these slag-cars are cast in one piece and are reinforced 
by ribs cast on the outside and by two wrought-iron bands, 0.005 
m. wide and 0.004 m. thick, which are riveted on between the top 
and the bottom. The sides are made of two pieces bolted to- 
gether ; the sides and ends are securely fastened together so that 
they form a rigid box, larger at the bottom than the top. At each 
of the corners there is a ring for the attachment of hooks and 
chains, by which the box may be lifted off or placed on the 
wagon. The cast-iron platform of the wagon is supported by 
four wheels. It is i.io m. long and 0.80 m. wide. The box is 
only a little smaller than the platform and is fitted on to it by 
steps, which make it go to its place but do not prevent its being 
moved on the platform when necessary. The top of the box is 
0.85 long and 0.55 m. wide and 0.45 m. high. 

When the slag- wagons come from the furnace full they are 
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carried to an area of variable size, which at Krug Hiitte is 150 
m. square, to be made into bricks. At this furnace the yard is 
made on the top of an old slag-heap. The bricks are of all kinds 
of shapes. They are made on a sand-bed. The sand is first dug 
out to the required depth. A man with a rake with tines 0.10 m. 
long rakes over the sand and shovels it up into a sieve made of 
hexagonal holes 0.03 m. across. This is sieved, and whatever 
remains upon the sieve is thrown to one side. The frame of the 
sieve is 0.60 x 0.40 m. All that remains on the sieve is thrown 
into a car to be carried away. The bottom of the bed is then care- 
fully gone over with a shovel, pressing the shovel in several cen- 
timetres to make the sand soft. It is then smoothed over with 
the shovel, and -into the corners a piece of iron, 0.18 m. to 0.20 m. 
long, o. 15 m. wide is laid, laying it inclined to facilitate the passage 
of the slag in the slag-runners which go around the whole space. 
Iron partitions, 0.70 m. long and 0.20 m. wide, are then placed in 
the sand and pushed down into it. To hold the first one a vertical 
piece is put back of it to support it. These long iron pieces have 
round holes in them, usually four, which are 0.05 m. in diameter. 
They have previously been washed with clay and sprinkled with 
sand to prevent the slag from sticking to them. When the first 
one is in, the next is put up in the sand in the .same way and the 
end pieces put in ; each short piece has ears fitting into places 
cut out of the long ones. The Irame work is set up in this way 
until the requisite number of divisions have been made. In each 
of the places usually two beds of twenty-eight divisions are made, 
four wide and seven long. Around and between each a space 
' 0.20 m. wide is lefl for the slag to circulate. When the blocks to 
be cast are to be used for ordinary pavements, which are some- 
what larger at the top than at the bottom, and which also when 
laid need a space between them at the top for the hoofs of the horses 
to catch in, a small piece of iron is placed on each side at the 
bottom to make a depression. When the whole of the wrought- 
iron partitions are in place, the bottom of each division is made 
flat by placing in it a piece of sheet- iron attached to a handle of 
exactly the size of the compartment and stamping it down. To be 
quite sure that the irons of the partitions are quite in their places, 
both on the long and on the short sides, a small hammer 0.03 m. 
square and 0.08 m. long is used for tapping them. The end 
sections are put in first and then the middle ones, after several 
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long plates have been stood upright. The long divisions have 
holes in them ; the middle ones may or may not have them. 
There is a great discretion to be used with regard to the put- 
ting up of these plates and the direction to be given to the liquid 
slag, which is regulated by the position of the holes, for the 
exact direction of the flow of the slag seems to make a very great 
difference in the solidity of the blocks. Generally the three rows 
nearest the point where the slag flows in do not have any holes 
on the sides, but only at the ends. The man who sets them up 
uses his discretion as to how the holes are to be placed. They 
do not always make the paving blocks of the same size. The 
width remaining the same the length is varied. 

When the bed is ready the men with the slag-wagons come. The 
wagons are brought opposite to the casting bed, and one corner of 
the box on the top of the wagon is pried off of the platform over the 
runners for the slag; this throws the chilled bottom of the slag in 
the wagon outside of the platform. With a pointed hammer a hole 
is made in the bottom of the slag, which is enlarged a little and the 
slag flows into the runners and from them into the moulds. When 
it is about half way up towards the top of the mould, a little sand 
is thrown over it to prevent its cooling too rapidly. By the time 
all the moulds are entirely full, the whole of the runners and all 
the slag are covered about 0.03 m. deep with sand and left for 
forty-eight hours. As soon as the slag no longer runs from the 
wagc»n the cast-iron cover is turned back on to the platform of the 
wagon leaving only a hollow crust of slag in the interior, and the 
wagon is carried away to the place where the cover is lifted off and 
the slag is prepared for being thrown away. When it rains hard* 
and the weather is not propitious, boards are used to cover the 
casting-beds before they are filled with slag, so as to prevent the 
water getting into them, which would make the slag-castings 
porous, and afterwards over the sand with which they are covered 
to prevent too rapid cooling. When the stone is cool the sand is 
shoveled off and the iron partitions are lifted out and thrown to 
one side. This leaves the blocks in the bed with a space between 
each. An inspector comes and taps each block with a hammer. 
If they are not solid, he breaks the defective parts off with the 
hammer and picks them out with a square tongs the size of the 
stone. If, when broken, they are too thin, he throws them away. 
If not, they are made into a third quality stone, which is dressed 



TREATMENT OF COPPER AT MANSFELDT. 115 

to be used in the gutters of the streets or anywhere where thin 
stones are required. Those which are not defective are lifted out 
and turned over. If they are exactly square they are first quality. 
If not, of second. The seconds are just as good as the first 
quality except for being a little out of square. The stones so 
sorted are carried to the dressing floor, where they are dressed 
up, the sharp corners being beaten off and the projections corres- 
ponding to the holes in the iron divisions beaten down. Generally 
the small sizes are made at Krug Hiitte, but pieces 0.30 m. square 
are also made there. The material from the runners is used for 
making the roads and for mosaic pavements, for which it is very 
suitable. When the casting place is cleared of slag-blocks, the irons 
which are lying on the sides are taken up by a man who comes with 
a pail filled with clay water. The small ones are put into this pail 
in bundles, and when taken out they are separated slightly and a 
man with a riddle 0.20 m. square and o.io m. deep made of sheet- 
iron with 0.003 "™* holes riddles sand over them. The long pieces 
are put into a trough and treated in the same way, but each piece 
is sprinkled with the sand separately. The stones are generally 
015 m. cube. Those 0.23 m. by 0.23 m. and 0.46 m. are also 
made and even larger ones. When three rows instead of four are 
made in the casting-bed, the end ones are made short and the 
middle ones a size and a half larger. 

The wagons from which the slag has been cast are brought by 
horses back in front of the furnace-house, to have the sides lifted, 
and the slag removed. Two cranes are provided for this purpose. 
They are arranged in the form of an arch over a double track, and 
have both a horizontal and a vertical movement. As soon as the 
cover is lifted the car is shoved forward and the cover immediately 
placed on another wagon, which is drawn on the track on the 
opposite side, and is at once taken away for use and another 
slag-wagon and platform drawn under the crane. When no 
platform is ready, the cover is left suspended until there is one. 
As soon as the top is lifted off from the platform a sheet-iron 
rim 0.12 m. high is placed on the platform of the wagon around 
the slag crust. The wagon is then drawn forward. When four 
of the cast-iron rims have been lifted off, the crusts are cold enough 
to break upon the outside. With a wooden pole, 0.08 m. in 
diameter and 2 m. long, one side is broken in, and in five minutes 
after the other side ; then the top and the ends. Most of the pieces 
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fall within the rim and make a low pile on the platform of the 
wagon. A few pieces fall outside on to the track, and these are 
from time to time taken up and thrown on to the wagon inside the 
rim. When the slag on eight wagons is broken up in this way 
they are drawn away to the slag-dump, and when four wagons 
have the cast-iron tops replaced upon them they are washed on 
the inside with clay, and are drawn by a mule to the furnaces 
where they are to be used again. 

The whole casting space is covered over with tracks laid down 
temporarily. These are laid in sections 3 m. in length. When- 
ever it is convenient, turn-tables made of plates of cast-iron and 
fixed, are used to go from one section of the casting-ground to 
another. The moulds are prepared by one man, the irons by one 
man, the casting by one man, and each slag-wagon has one man. 
Of the slag, one-third is already solidified on the sides. Of the 
two-thirds left, two-thirds are made into stone and the rest is in 
the runners. Of the twenty-eight blocks made for small-sized 
paving stones, twenty are generally of first quality, five to six of 
second, and the rest third. The first or second quality depends 
entirely upon how carefully the iron plates are put in. The slag 
in the blocks is gray and compact and when laid in mosaic looks 
very much like a compact limestone. 

The manufacture of slag at Koch Hiitte is done in the same way 
as at Krug Hiitte. For large blocks, the moulds are made of cast- 
iron with a cover with a long handle, which shuts down so as to 
compress the slag. The cover has holes in it in order to prick 
the slag and let out the gas. Ashes are also used as a cover. Very 
large stones are made here, such as steps for stairs and stones of 
any kind for building purposes. The work is done only at night 
and with the extra men, who are always kept at the works, when 
they have nothing else to do. Only paving-stones of second 
quality are attempted to be made. They are made of any size re- 
quired. Only the crust is usually lost. The rest of the material 
is used for roads. Slag bricks are also made at Kupferkammer 
Hiitte, but the work is much less skilfully done. For large-sized 
stones, irons bent at right angles are used. As they are not covered 
with clay they deteriorate rapidly, and the stones made are very 
coarse. In 1 889, about 4,400,000 articles were made at all the 
works, out of slag. Of these, 210,826 were made into pieces used 
in construction, 4,163,655 into paving- stones, borders and slabs, 
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and, in addition, 13,381 cubic metres of debris from the slag brick 
manufacture and other slag were used for making roads, all of which 
were sold. The towns in which the works are situated, and all 
their environs, as well as all the roads leading to them, are paved 
with this material, and it has proved to be better and cheaper than 
stone. 

(To be continued.) 



EXAMINATION OF MINES. 

By H. S MUNROE. 
(Continued from Vol XII., p. 27 ) 

Formation of Mineral-Deposits. 

The engineer should, of course, be familiar with the literature 
of ore-deposits, and fitted by practical experience in mining opera- 
tions and by training in field geology to make an intelligent ex- 
amination of the deposit. An admirable series of articles * on the 
literature of ore-deposits has lately appeared in the Quarterly 
to which the student may be referred, and which will serve as a 
guide to a course of reading on the subject. 

The engineer should not be too hasty in his generalizations, and 
should bear in mind that similar deposits may have widely different 
Origin, and even that parts of the same deposit may be due to dif- 
ferent causes. Deposits of magnetic- iron in some cases may be 
altered bog-deposits or metamorphosed beds of carbonate of iron, 
originally of chemical origin; in other cases they may be purely 
mechanical deposits concentrated by the action of running streams.f 
or again in other cases, it is possible that they may have been 
formed by replacement, or deposited from solution in cavities and 
fissures. Or part of the deposit may be due to one cause and 
part to another as at Iron Mountain, Missouri.^ 



 **()n the Literature of Ore-Deix)>its/' by J. F. Kemp, School of Mines Quar- 
TERi-Y, vol. X., pp. 54. 116, 326; vol. xi., p. 359.* 

t H. S. M., .School of Minks Quarterly, vol. iii., p. 43. 

X The •• Iron Mountain Mine," Prof. W. B. Potter, American Institute of Mining 
Engineers, New York meeting, September, 1890. 
vou XII.— 9 
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In the examination of a mineral deposit the engineer should be 
careful to observe and to record his observed facts without bias or 
prejudice in favor of one theory or another. He should form his 
conclusions with great care and deliberation. A theory is of value 
mainly as a means of bringing disconnected facts into some kind 
of arrangement, so that they can be studied, and is useful only so 
long and so far as it accounts for the phenomena observed. 

In no department of mining engineering is there greater oppor- 
tunity for brilliant professional success, and in none have failures 
from hasty and crude generalization proved more disastrous. 

Measurement of Deposits. 

In the case of coal seams and similar deposits, the volume of 
mineral within the limits of the property may be computed with 
great accuracy. The areas of coal within the lines of outcrop may 
be determined by measurements oh the map. The surface and 
underground explorations should give data to estimate what part 
of this area may be regarded with safety as workable. The aver- 
age thickness will be obtained from numerous measurements. 

A seam of coal of 1.3 specific gravity will contain about one 
hundred and thirty tons per acre for every inch of thickness. 
For other densities multiply the specific gravity by one hundred. 
Allowing for pillars and waste in mining, the common pi'actice of 
estimating one hundred tons per acre per inch of thickness, approxi- 
mates very closely to the probable yield. 

In irregular coal basins, as in Pennsylvania, the volume of min- 
eral is obtained by developing the warped surfaces graphically 
and multiplying the areas thus obtained by the average thickness, * 
or the method suggested by Mr. R. P. Rothwell may be used, 
and the horizontal area underlaid by coal multiplied by the thick- 
ness of the bed or beds measured vertically (instead of normally 
to floor or roof as above). 

Measurements of Irregular Deposits. 

Metalliferous deposits as a rule are much less regular in thick- 
ness than coal seams. Certain precautions should be taken to 



* Second Geological Survey of Pennsylvania^ Report AA, p. 107. Also ** A New 
Method of Mapping the Coal-fields of Pennsylvania," Transactions American Insti' 
tute Mining Engineers , February, 188 1. 



EXAMINATION OF MINES. 119 

secure accurate results. When the variations in thickness are 
great the prismoidal formula * may sometimes be used with advan- 
tage and limited portions of the deposit computed separately. Jn 
other cases the average thickness may be used. To obtain this 
accurately the measurements averaged should be as nearly equi- 
distant as possible, and greater weight should be given to measure- 
ments on a mid-section than to those on the boundaries. The 
determination of the average thickness, and the areas required 
by the prismoidal formula, will be facilitated by carefully con- 
structed cross-sections of the deposit. 

Sometimes the thickness to be considered is modified by special 
conditions. For example, the vein may be very thin, and yet 
workable ; as is often the case in gold and silver mines, and in rich 
deposits of the other metals. In such cases the width and height 
of the workings will be constant and independent of the thickness 
of the mineral, as enough broken rock will have to be mined to 
enable the men to enter and work. 

In like manner when the ground is traversed by well-defined 
fissures parallel to the vein, it may be necessary to mine the barren 
rock up to this fissure in order to make the workings safe. 

Again, where the vein or bed is split and the two portions are 
separated by a " horse " or " parting " too thin to be left standing, 
it may become necessary to mine this rock with the ore. 

In all such cases the mining andhandling of this barren material 
must be taken into consideration, and the necessary measurements 
made so that its amount and its effect on the average richness of 
the material mined may be determined. 

Determination of Workable Area. 

In the case of a uniform and persistent bed, horizontal or 
slightly inclined, the total workable area may be assumed to be 
that contained inside the outcrop and within the property lines. If 
the bed lies at an angle, allowance must be made for the inclination. 

In the case of a bed or vein dipping at a high angle we may 
have another limit, that fixed by the maximum depth at which the 
mine can be worked with profit. 

In the cafie of less regular deposits, the workable area within 
the above boundaries, that is, the proportion of this total area that 



• See Trautivin^s Pocket Book^ p. i6o, and Treatises on Railroad Surveying. 
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can be profitably worked, must be more or less a matter of uncer- 
tainty until the workings actually traverse the whole area. This, 
in most cases, does not occur until the deposit is nearly exhausted 
and the knowledge is of little practical value. 

Sometimes, we can form an estimate of the relative areas of work- 
able and unworkable ground from that portion of the deposit which 
is exposed by the exploratory workings. A careful s.udy of these 
developed portions of the mine will often reveal the laws govern- 
ing the distribution of the useful mineral so that the future maybe 
predicted with some con'idence. Estimates thus made may be 
sufficiently trustworthy to be applied to the undeveloped portions 
of the mine. 

Variations in thickness and in richness or quality of the mineral 
are often sudden and unexpected. Large barren or unworkable 
areas are liable to occur, or the deposit may come to an abrupt 
end. The estimates of mineral in undeveloped portions of the 
mine and the values deduced therefrom are of necessity specula- 
tive. This should be made very clear in the report on the prop- 
erty. The value of an engineer's estimate of the speculative value 
of the property, as opposed to the wild guesses of interested and 
over-sanguine parties has been pointed out. 

Ore "in Sight." 

In the case of very irregular deposits, isolated ore-bodies, len- 
ticular masses, chamber deposits, bonanzas in veins and similar 
deposits, the continuance of which in depth is uncertain, it is unsafe 
to estimate on more mineral than that proved to exist by the ex- 
ploratory workings. Many engineers prefer to take this course in 
all cases, and estimate the value of the mine from the mineral " in 
sight." The term mineral "in sight" is variously interpreted by 
different engineers, but can be defined as the mineral which can 
be proved to exist, the nature and amount of proof necessary, 
varying with the character of the deposit. 

In most cases, the mineral to be " in sight " should be exposed on 
at least two sides by workings more or less parallel and not too far 
apart. For example, the coal between two parallel gangways ; 
the mineral between the uncovered outcrops and an underground 
level ; or the ore between two inclined shafts in the vein. 

It is not safe to estimate on mineral exposed on one edge only, as 
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the edge exposed may chance to lie along the boundary of large 
unworkable areas. 

The workings should not be so far apart as to leave chance for 
the existence of unworkable ground between. 

To lessen the chance of unworkable areas within the body of 
ore " in sight," many engineers demand that at least three sides 
shall be exposed by workings. For the same reason it is well to 
connect the parallel workings by others at right angles, winzes, 
cross-headings, etc., and thus divide the deposit into rectangular 
blocks exposed on four edges. This will' be a necessary prelimi- 
nary to working the deposit in any case, and has the added benefit 
of securing better ventilation of the exploratory workings. 

When a portion of the deposit is exposed on two adjacent sides 
only, e.g.,hy a shaft and a drift, or by the outcrop and a shaft or 
a drift, it is customary to estimate as " in sight " the triangular 
area bounded by the workings in question and a straight line 
joining the ends of the same. 

Sampling and Assays. 

The samples required for assay to determine the quality or rich- 
ness of the mineral should be taken at numerous points, and so 
taken as to represent the average value of the deposit at each 
point. When different benches or different zones of the deposit 
vary in richness or in quality, the samples from such subdivisions 
may be taken separately at each place.* Different benches of a 
bed of coal may differ greatly in character, amount of ash, of sul- 
phur, of volatile matter, etc. It is not necessary or desirable, how- 
ever, to subdivide the samples taken unless the benches can be 
kept separate in mining. 

With the above exceptions, the sample taken at any one place 
should represent the whole deposit, from foot to hanging-wall. 

In coal and soft ores, a uniform groove for this purpose is cut 
with a pick, or with a ham'ner and moil, across the face of the 
deposit. 

If the material is harder, one or more blasts mav be fired with 
light charges of explosive, so as to break up and shatter the face 
without coftipletely dislodging the fragments. Chips and splinters 



* See paper by D. H. Browne, ** Distribution of Phosphorus in the Ludington 
Mine," Trans, Amer, Inst, Mining Engineers ^ vol. xvii.,' p. 6i6. 
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may now be broken from the loosened fragments which are still 
in place, or as they are taken down, so as to give the required 
average sample. 

If the deposit is very wide and uniform, samples may be taken 
at intervals from foot- to hanging-wall instead of in a continuous 
groove. 

If the mine is being worked, samples should be taken from the 
mine-cars, from the dumps and stock-piles as a check on the 
results. 

The conditions under which the sample was taken, the manner 
of taking and the amount of ore represented by the sample should 
be noted in every case. 

" Salting." 

The engineer must use due precaution to detect anci guard 
against fraudulent practices. If a sufficient number of samples be 
taken underground, and these be taken arbitrarily, and not at 
points suggested by interested parties, successful "salting" will be 
made more difficult. Such preparation of the mine is generally on 
a small scale and at few points. A thorough sampling of the mitie 
makes it necessary to do the work of salting on a large scale. 
Careful examination of the deposit at the selected points, before 
taking the samples, will generally detect the fraud. 

A more dangerous practice and one more difficult to guard 
against, is the " salting " of the engineer's samples during the pro- 
cess of sampling or subsequently. Sealed bags and boxes are not 
always sufficient protection against this form of fraud, as the sam- 
ple may still be "doctored" with strong solutions of the precious 
metal. . 

It is possible again to prepare a mine for examination by con- 
cealing the poorer portions of the vein with timbering and loose 
rock, leaving exposed the richer stopes and headings only, sus- 
pending the work in these places when and where the showing is 
best. 

When fraudulent practices are suspected, the engineer should 
advise the leasing of the mine by the intending purchaser, with 
privilege of working for six months or a year, in which time the 
fraud, if any, will be exposed. 
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Examination of Partly Exhausted Mines. 

A mine that has been worked for a number of years is a less 
valuable property in exact proportion to the amount of mineral 
that has been mined. Such a mine, however, has been thoroughly 
proved, and much of the mining risk attending the development of 
a new property has been removed. A developed mine, for this 
reason, usually commands a much higher price in the market, 
even though a large part of the deposit has been exhausted. The 
examination of a partly-worked property will be conducted on the 
lines above laid down for a developed property, with the following 
additions : 

1. An examination and survey of the abandoned workings as far 
as accessible. 

2. A study of the history of the mine, total yield, average rich- 
ness of the ore, etc. 

3. Investigation of details of working, cost and profits. 

The survey and examination of the old workings will determine 
what reserves of rich or low-grade ore exist in the form of pillars. 
The examination and survey will also show the condition of the 
abandoned workings and how far the safety of the whole mine 
may or may not be endangered. If there is danger of a general 
crush, or if the shafts or main gangways of the mine are threatened, 
the cost of making the mine secure must be estimated. 

Finally, this examination and survey of the old workings will 
furnish data from which to estimate the total amount of material 
excavated, which, with the measurement of the waste rock in the 
dump-heaps and underground, will serve as a check on the state- 
ments as to ore treated or shipped and will show what proportion 
of barren material has to be mined with a given amount of ore. 

Finally, the underground survey will show what area has been 
mined and the proportion of available ground remaining. 

It will frequently happen, especially in old mines, that the 
abandoned workings have caved in, or are inaccessible, so that the 
survey above outlined cannot be made or can be made only in 
part. In such cases, the necessary information often can be ob- 
tained from existing maps and other sources, and the desired esti- 
mates of area, if not of volume, can be made. 

The history of the mine, its total yield, the cost and profits of 
mining, etc., should be obtained by examination of the mine books, 
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of official reports, the books of transportation companies, of smelt- 
ing works ; and from such other sources as may seem reliable. 
From this material, it should be possible to obtain the total pro- 
duction of the mine, the average cost and yield per. ton, the average 
selling price and profits ; and such other data as will be of ser- 
vice in estimating the value of the mine, and the probable profits of 
working. 

Finally, a careful investigation should be made of the methods 
of working and of the details of management, that possible improve- 
ments, and sources of economy and of increased profits, may be 
indicated. 

Examination of Abandoned Mines. 

The reopening and working of abandoned mines is attended 
with i^ore than ordinary mining risk, and the examination of such 
properties demands great care and good judgment. The larger 
and more important the mine; the longer it has been worked, and 
the more ore it has produced, the greater is the mining risk. 

The mine, in any case, is partly worked out, and is by so much 
the less valuable ; and it is possible, and in most cases probable, 
that the deposit is practically exhausted. 

Even in the most favorable cases, the cost of reopening the mine 
will be very great, and usually will be more than the cost of open- 
ing and developing a new deposit. The mine must be drained of 
water, in itself an expensive operation. The shafts and drifts must 
be reopened and generally retimbered. As it is quite likely that 
the pillars and arches have been robbed before the mine was 
abandoned, much of this work will be through fallen ground and 
very expensive. Finally, the hoisting-engines, pumps and other 
machinery will have to be repaired or replaced. 

As it is probable that the work of exploration and development 
was suspended some time before the mine was finally abandoned, 
so it is probable that much exploratory work will be necessary to 
prove the existence of valuable mineral. 

It is not probable that any part of this expense of reopening will 
be paid by mineral extracted. 

Finally, the working expenses will be greater than in a new mine, 
especially in the items of drainage, tramming and hoisting, and 
timbering. 
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There are cases in which the mines may have been left in more 
favorable condition, and in which the risk of working will be less. 

In countries liable to political disturbances, mines have been 
abandoned during war-time, and not subsequently reopened. In 
the western mining regions the ravages of hostile Indians have had 
a similar result. 

Mines are sometimes temporarily abandoned because the condi- 
tions were unfavorable to success. Situated in remote regions 
the cost of the transportation of the necessary supplies and of the 
products of the mine, may have been too great to allow of profit- 
able working. Or again, on account of the undeveloped character 
of the region a market for the product may have been lacking, or 
may have been so remote as to be unavailable. With the con- 
struction of railroads and the development of the country, such 
mines can often be reopened and worked with profit. 

Finally, it often happens that mines worked with insufficient 
capita], or under bad management, are abandoned, and later under 
more favorable auspices they are reopened and yield large profits. 

The examination of an abandoned mine is one of the most 
difficult problems likely to occur in the practice of the mining 
engineer. 

It is probable that all the available ore has been taken out, and 
that evei\ the pillars have been robbed before the mine was aban- 
doned. There is no ore " in sight," and little or nothing left to 
give an idea of the averagfe value of the deposit. Before the closing 
of the mine it is probable that the advance headings, shafts, drifts, 
etc., were suspended one by one as the prospects became less 
favorable. Nothing but poor ground is likely to be found. Finally, 
the workings are probably under water and inaccessible. 

Under such circumstances it will not be advisable to go to the 
expense of draining the mine until a preliminary examination has 
been made.^ In this preliminary examination the engineer must 
depend almost entirely on the past record of the mine. The evi- 
dence, however, is likely to be fragmentary and incomplete, the 
books in all probability have been lost or destroyed, and but little 
documentary evidence remains. The engineer will be forced to 
collect such information as he can from trustworthy sources, and 
weigh the evidence carefully before submitting an opinion. 

Even after the mine is drained a final examination and report 
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cannot usually be made until the mine is developed to a certain 
extent by exploratory workings. 

In the work of reopening an abandoned mine the greatest care 
should be taken at each stage of the operations to minimize the 
mining risk, by limiting the expenditures at any one time to such 
amounts as the prospects of success seem to warrant. At first the 
explorations should be in one or two places only ; later, if the 
developments are favorable, a larger force may be employ^ed and 
the opening of the mine mav be pushed more rapidly. Permanent 
improvements which may be necessary for active work, should not 
be undertaken untif there is sufficient mineral " in sight" to warrant 
the expenditure. 

Scale of Operations. 

The proper scale of operations is determined mainly by the size 
of the deposit, and by the probable life of the mine. In certain 
cases the market for the product, and the effect of a large pro- 
duction on the selling price, must be taken into account. 

The size of the deposit limits the scale of operations chiefly by 
limiting the number of men and machines that can be profitably 
employed. 

The shape of the deposit also has its influence. For example, 
a lenticular mass, narrow and thin in proportion to its depth, 
like a bean pod suspended by one end, cannot be worked continu- 
ously on a large scale, as there will be room for but one or two 
working pajties on each level. If worked rapidly one level will 
be exhausted before the shaft can be sunk to the next. 

A regul^p,J|p4x)r vein can be worked from several shafts and on 
several leyels at the same time. A large working force can be 
employed, and the scale of operations will be limited only by the 
size of the property, and the amount of capital. 

The thickness of the deposit limits the working force at each 
point of attack and the amount of mineral which can be broken at 
a single blast. 

The total value of the deposit, and the probable yearly profit, 
limit the amount of capital that can be employed (and consequently 
the scale of mining operations) by determining the amount upon 
which interest can be paid, and which can be extinguished by a 
sinking fund during the life of the mine. 
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The degree of mining risk involved will limit the amount of 
capital that can be safely invested with any prospect of its being 
returned to the investor before the mine is exhausted. The uncer- 
tainty as to the continuance of a deposit is a maximum in the case 
of an undeveloped property ; so it is especially important to pro- 
ceed cautiously at the beginning of a mining enterprise, and by 
working on a small scale at first, limit the amount of capital subject 
to risk of loss. Later, when the work of exploration has shown a 
reasonable certainty of several years' supply of mineral, a larger 
amount of money may be risked, and the work of development 
pushed more vigorously. In exceptional cases the mine will itself 
furnish the necessary capital. 

With the exceptions and limitations above noted, it may be stated, 
as a rule, that the scale of operations should be as large as 
possible, and the mine worked as rapidly as circumstances will 
permit. 

The advantages of rapid work on a large scale are the following : 

1. The cost per ton of mineral is less. There are certain fixed 
expenses, such as pumping, ventilation, superintendence, taxes, 
office expenses, etc., which are nearly the same whether one ton or 
one thousand tons be mined per day. Again, it is cheaper to work 
the plant to its full capacity. For example, in the case of a hoisting 
plant, the same number of engineers, firemen, bankmen, bottom- 
men, etc., have to be employed whether one hundred tons or one 
hundred and fifty tons be hoisted. 

2. Rapid work decreases the cost of maintaining the shafts, gang- 
ways and levels, of renewing timber, of removing falling ground 
etc. 

3. More capital is required for work on a large scale, but the 
amount does not increase in the same proportion as the output. 
The capital is redeemed in a shorter time, and the total interest 
charge is veiy much less. 
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NOTES ON THE COAL-FIELDS OF MONTANA. 

By WALTER' HARVEY WEED. 
(United States Geological Survey.) 

A LARGE portion of the 145,000 square miles comprised within 
the borders of the newly-admitted State of Montana is underlaid 
by coal-bearing rocks. Throuf^h the plains country, that monoto- 
nous expanse of arid and treeless land forming the eastern two- 
thirds of the State, the available coals are all lignites, which occur 
in great quantity and are often of exceptional purity. The cut- 
banks of the smaller streams and the bluffs of the rivers very fre- 
quently show outcropping coal-seams, and the dark lines can be 
traced many miles upon the bluffs and buttes of the so-called Bad 
Lands. 

Approaching the mountains, the low relief of the plains is broken 
by outliers of the Rocky Mountains, and as we near the eastern 
slope of the ranges, the younger rocks of the plains are found to 
be upturned against the mountain flanks, and here occur the seams 
of coal which form the chief source from which Montana's great 
mining and smelting industries must derive their supply. Unlike the 
lignites of the plains, these are true bituminous coals, of excellent 
quality and frequently making exceotionally good coke. These 
bituminous coals are all older than the lignites and belong to two 
geological horizons. The coals of Sand Conlee, Deep Ci^ek and 
other localities in the vicinity of Great Falls, on the Missouri, have 
recently been pronounced to be of Kootenay age by Prof. J. S. 
Newberry, after an examination of the mines and the study of the 
fossil flora of the locality.* South of the Great Falls field, the 
Kootenay series appears to be wanting, and the coal-seams of these 
fields overlie the shales and s?$ndstones of the Colorado group. 
These seams, from which over half the entire coal product of the 
State is obtained, were examined by the writer during the past 
summer, at the Cinnabar and Bozeman fields, and though the study 
of the coal-fields of the State is therefore just begun, the results 
are of sufficient interest to present here. 



* In a paper presented at the Boston meeting of the National Academy of Sciences, 
November, 1890. 
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The relative amounts of coal from the three geological horizons 
mined in 1889 within the State is as follows : 

» 

Lignite (Laramie and Tertiary), 5,263 

Later Cretaceous (Lower Laramie), * 191,138 

Early Cretaceous (Kootenay), 166,480 

These amounts will be exceeded for the present year, but the 
returns will show fully as small a percentage of lignite mined, 
despite the wide range of this variety of fuel throughout the State, 
and a nearly equal proportion of bituminous coal from the two 
geological horizons. 

So far as known, the bituminous coals are somewhat limited in 

their occurrence. The Kootenay coals all come from the vicinity 

of Great Falls, and the bituminous coals of later age occur only 

in the following fields : Upper Gallatin Basin, Madison Valley near 

Virginia City, the Cinnabar coal-field north of the Yellowstone 

National Park, and the so-called Bozeman coal-field and its probable 

continuation eastward, the Rocky Fork coal-field. Thus far the last 

three are the only fields worked, the mines being close to the 

Northern Pacific Railroad, and the coal in demand at Helena and 

Butte. 

The Cinnabar Coal-Field. 

Leaving the deep canons of the Yellowstone National Park, the 
Yellowstone river flows through a narrow mountain valley, in 
which a low mountain, having a bright red streak, is quite con- 
spicuous. This is Cinnabar Mountain, its red streak, enclosed 
between high, rocky, perpendicular walls, is the Devil's Slide, and 
though the name of Cinnabar is misleading, it is applied to both 
the mountain and the coal-field as well. 

On the west side of this valley the coal-bearing strata dip at 
15° to 20° northwest and form a high and flat-topped moun- 
tain ridge extending down from the sharp and rugged summit of 
Electric Peak, the highest point of the region, in a northerly direc- 
tion to the knob called Cinnabar Mountain. This block of cre- 
taceous coal-bearing strata lies between an extensive area of vol- 
canic rocks, forming the rugged peaks, to the north and west, made 
up of breccias of volcanic ejectementa and massive flows of basal- 
tic andesite, and a smaller area of similar rocks to the south, being 
separated from them by two faults of several thousand feet throw. 

On the eastern side of the valley steep granite slopes rise abruptly 
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from the river, but near the boundary of the National Park a block 
of coal-bearing strata, faulted against the gneiss, lies between the 
mountains and the river. 

In the upturned beds of Cinnabar Mountain we have a natural 
section giving the relations of the coal to the older rocks. Rest- 
ing upon metamorphic strata there is about 4500 feet of massive 
white and gray limestone of paleozoic age, and above them a 
varied succession of beds of mesozoic age, the southern part of 
the mountain being composed of the black shales, with occasional 
walls of sandstone, of the Colorado group. 

A slight break in the sharp, synclinal trough does not obscure 
the relations of these shale belts to the white sandstones forming 
a belt some 500 to 600 feet thick that contain the coals. Indeed, 
elsewhere, we have a conformable sequence showing the coal-bear- 
ing sandstones resting immediately upon the muddy limestones 
and shales. 

In this sandstone series there are three workable seams of bitu- 
minous coals, besides many seams too thin to work. A section of 
some 300 feet from the base of the series up, showed eleven seams 
aggregating twenty-one feet of coal, and the strata above this 
showed many more small seams. The three workable seams each 
show from three to six feet of good coal, which meets with a ready 
sale at i)4.oo to $5 .00 per ton on the cars. The miners are paid $\.\o 
per ton, and laborers II1.75 per day. The oldest and most exten- 
sive mine is the ** Horr," but the coal lands consist of faulted 
blocks, and for that reason cannot be so economically worked as 
in the undisturbed part of the field; the daily output this winter 
was expected to be 250 tons, and the coke is remarkably fine. 

The Craig mine has recently been opened and is now being de- 
veloped, but has no output as yet. It is the most promising of 
the three mines, however, as the third, the Bowers mine, is on the 
east side of the river, where the beds dip at 60° toward a fault that 
brings the coal measures against the gneiss. 

The workings show that the coal varies in thickness in the same 
scam, and careful prospecting of a seam is necessary to determine 
whether it will pay to work. The coal varies also in its nature 
where disturbed; in the Bowers mine it is an excellent coking coal 
near the surface, but a semi-anthracite at a depth of only 160 feet. 

The future of the field all lies in the large block north of Electric 
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Peak, but the field is too small to warrant any extensive mining 
operations. 

At the Craig workings, the prospecting shows five workable 
seams. The two upper seams have been opened up by entries of 
500 to 1000 feet in length. The upper seam shows 32 inches to 
40 inches of clean coal in an entry driven on the disturbed meas- 
ures, and 4 feet 6 inches in another entry in the less disturbed 
beds. The analysis of an average sample of the coal shows : 

Fixed Carbon, 7^*65 

Vol. Carbon, 9 65 

Moisture, . 5.63 

Ash 5.72 

Sulphur, 1.35 

101.00 

An entry of 450 feet on the vein below the last, called the B-vein, 
shows 30 inches to 40 inches of coal from which an average 
sample gave : 

Fixed Carbon, 80.88 

Vol. Carbon, 7.42 

Moisture, ........... 6.63 

Ash * 437 

Sulphur, 0.70 

100.00 

The C-vein shows 28 inches of coal, the D vein 5 feet, and the 
lowest of all, the E-vein, 22 inches of coal. 

The actual cost of a ton of coal on the dump is $1.50. 

'Ihe Bozeman coal-field ^ on the contrary, is extensive enough to 
predict a favorable future. The coal measures were traced for a 
distance of over 100 miles last summer while making a geological 
survey of the region, and if workable throughout this extent, will 
contribute materially to Montana's wealth. The coal is of the 
same age as that of the Cinnabar field ; that is, it overlies the great 
series of cretaceous shales carrying Colorado fossils, and the col- 
lections of leaf-remains and unio shells indicate a probable Lar- 
amie age, the leaf impressions resembling, as a whole, the collec- 
tions from the Bitter creek coals of Wyoming. 

At Cokedale the coal makes a good coke, but the same seam, 
worked farther westward, at Timberline and Chestnut, will not 
coke. 
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METHODS OF MODERN PETROGRAPHY. 

By H. HENSOLDT. 
(School of Mines, Columbia College.) 

III. 

Rock- SECTIONS and How to Prepare Them. 

(Continued from Vol. XI., p. 35.) 

The cut produced by a well-charged diamond-saw, which runs 
true and does not wabble, is so smooth and level that only a trifling 
amount of grinding is necessary for the first surface. For this the 
writer uses a copper disk, 7J^ inches in diameter and about one- 
half inch thick, which is affixed to a conical steel pin, fitting the 
spindle of the bench. The very finest grade of washed flour-emery 
is used for this operation ; but if the cut is not a level one or is 
marked by the grooves or furrows of a wabbling* saw, coarser 
emery may be first employed till all uneyenesses are effaced. The 
copper disk on which the grinding is effected should not have a 
true level surface, but a slightly convex one, for the following very 
important reason : 

When grinding any kind of rock-surface, it will be noticed that 
the marginal portions of the specimen are always more energetic- 
ally attacked than the central ones ; in other words, the emery — 
however fine — invariably acts quicker around the margin than in 
the centre of the specimen. Now, if the grinding-disk or plate is 
a perfect level, the surface to be ground must, as a matter of course, 
become more or less spherical, the convexity being determined by 
the degree of fineness of the emery used. To this seemingly trifling 
circumstance the failure of most petrographers in producing large 
and uniformly thin sections, in spite of the utmost care, is due. 
It must be borne in mind that the convexity, however slight, is 
repeated on the second surface, so that the section can never be of 
uniform tenuity, but must always remain thicker in the centre. 
Such a section can hardly be improved by additional grinding, for 
whatever is gained in transparency in the centre is lost in sub- 
stance around the margin ; the section always retains its lenticular 
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curve and becomes less and less in diameter as the grinding pro- 
ceeds. 

In order to counteract this peculiar tendency of the emery to 
produce a convex surface on a level grinding-plate, the writer has 
given each of his copper disks a corwex curve, the steepness of 
which is determined by the degree bf fineness of the emery used 
in each particular case. The disk, for instance, which he uses for 
" finishing " viz., for the final application of the finest grade of 
washed flour-emery, has a convexity so slight that if a steel ruler 
be held against its surface, the deviation from the true level will be 
found to amount to less than i mm. at a distance of 3^ inches 
from the centre. Yet this infinitesimal convexity completely 
counteracts the emery's peculiar effect and produces an absolutely 
level section. 

The rock-slices, being completed on one side, are now cemented 
to rectangular pieces of plate glass, averaging one square inch in 
surface and about an eighth of an inch in thickness. It is of great 
importance that the glass should be free from flaws, bubbles or 
such other defects as render the surface more or less imperfect; 
thus ordinary window-glass should under no circumstances be 
employed for this purpose." 

During the first year or so of his experience as a preparer of 
sections, the writer used hardened Canada balsam as a cement, but 
he found its drawbacks so great and numerous that he was soon 
obliged to look for something better. The cement which he now 
uses is a mixture of shellac and Venice turpentine, and is prepared 
in the following manner. Haifa pound or less of ordinary shellac 
is melted in a flat-bottomed open vessel over a Bunsen burner. 
Then an equal quantity of Venice turpentine is carefully added 
under constant stirring. The mass should be allowed to boil for 
about ten minutes, during which the stirring is continued. Then 
small quantities are poured in separate heaps on an iron plate or 
other cold surface and rolled into sticks about seven inches long 
and half an inch thick. Two or three of these sticks may be all 
that the average petrographer is likely to require in the course of 
a year ; the writer uses them at the rate of about fifteen per month. 
This cement is excellent and cannot be too strongly recommended ; 
it is unsurpassed in adhesiveness and its general qualities are so 
admirable that he who has once used it will never again resort to 
Canada balsam. 

VOL. XII. — 10 
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Cementing. 

In order to affix the specimen to the piece of glass, heat the latter 
carefully over a spirit-lamp or Bunsen burner, place it on a flat piece 
of wood and apply the end of the shellac stick till a sufficient 
quantity of the cement is dissolved. Then heat the slice in the same 
manner, and before placing it on the glass, rub the shellac stick well 
over it. It should be so hot that the shellac is melted the moment 
it is brought in contact with it, yet without causing the cement to 
boil or smoke. Then the slice, with its finished and shellac-coated 
side, is placed on the glass and pressed down with considerable 
force, so as to squeeze out all the superfluous cement 

If air-bubbles should appear in the layer of shellac between the 
cemented surface and the glass-plate, we may conclude that either 
the latter or the rock-slice (possibly both) have been over-heated. 
It is difficult to expel these atmospheric demons by mere mechani- 
cal pressure, although, if only a few small bubbles are present, 
they may sometimes be got rid of in this way, especially if the 
section is rapidly moved to and fro, viz., rubbed against the glass- 
plate during the operation. As a rule, however, it will be neces- 
sary to remove the section from the plate and apply some fresh 
cement, taking care not to heat the glass-plate more than necessary, 
and repeat the process. Air-bubbles should not. under any cir- 
cumstances, be allowed to remain under the cemented surface, as 
during the final stages of grinding, those parts of the section which 
are situated over air-bubbles, viz., unsupported by a cement-layer, 
almost invariably break and disappear, so that the section shows as 
many perforations as there were air-bubbles or vacant spaces in the 
cementing medium. 

Grinding Tools. 

. The first process of rough grinding is best effected on a copper- 
disk, seven or eight inches in diameter, and at least half an inch in 
thickness. Lead-laps are also extensively used as grinding-plates, 
and in one respect they are superior to copper-disks, viz., if the 
element of time is of special importance. The softer the grinding- 
plate, the quicker the grinding process, which seeming paradox is 
easily explained if we bear in mind that it is not the surface of the 
disk, but solely the emery which effects the grinding. The disk 
merely furnishes a support for the grinding medium, and the softer 
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the metal of which it is composed the better it will hold the emery 
and the more energetic will be the action of the latter. 

Lead-laps^ however, are so quickly worn out and require such 
constant re-adjustment, that the trifling gain in time is more than 
counterbalanced by corresponding drawbacks. Cast-iron plates, 
on the other hand, which are recom mended ^by some workers, give 
as little satisfaction, on account of the slowness of the grinding- 
process, although their surfaces are but slightly affected by pro- 
longed use. Lead and iron, in the shape of grinding- plates, repre- 
sents two extremes which, it is best to avoid, and the writer has 
found in copper a happy medium, inasmuch as it combines the 
advantages of both, with but a modicum of their drawbacks. A 
copper disk, if judiciously handled, will keep its level surface for a 
year, even when constantly used for rough grinding; whereas a 
lead-lap, during the same period, would require a dozen renewals. 
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This machine is so constructed that it can be taken to pieces in 
a few minutes and securely packed in a box, measuring 3^x2x2 
feet. The treadle (a) is connected with the crank of the fly-wheel 
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(d) by means of a catgut cord {c), which is supported by the treadle- 
wheel (d). The motion of the fly-wheel is communicated to the 
driving-pully {e) through a belt (/) which can be conveniently 
adjusted (tightened) by a large wooden screw (g) attached to the 
sliding-gear {A) which carries the fly-wheel. The spindle of the 
driving-pulley (e) has a conical perforation which admits the pin 
of the copper-disk (i). The latter may be replaced at any moment 
by another grinding-plate, emery-wheel, or diamond-saw. A funnel- 
shaped brass-ring prevents grains of emery, etc., from intruding 
between the spindle and the steel collar(w). 

A machine constructed after the above pattern may be seen 
at the School of Mines (Geological Department). It has been in use 
for several years, has given the utmost satisfaction, and is still as 
good as new. 

One of the fundamental mistakes of many preparers of sections 
consists in their using the same metal-plate for both coarse and fine 
grinding. Either for reasons of economy or from sheer thought- 
lessness, they provide themselves with but a single disk on which 
they use every grade of emery. After a copper-plate or lead-lap 
has been used even a few times for rough grinding with coarse 
emery, a slight wearing out, or hollowing, in the region between 
its centre and periphery, is unavoidable, which, even in the case of 
cast-iron plates, will prevent the operator from obtaining a true 
level section-surface during the final grinding process. 

(To be continued.) 



EXTRACTS FROM PRESIDENTIAL ADDRESS TO THE 
BRITISH SOCIETY OF MINING STUDENTS.* 

By HERBERT W. HUGHES, F.G.S. 

.... Safety Lamps. — Under the head of safety lamps, we have 
been favored with descriptions of the Hepplewhite-Gray, and one 
for firing shots patented by Messrs. Heath and Frost. As a de- 
tector of gas the former is undoubtedly superior to all others on 



* Delivered at the Mining School, Wigan, July 26th, 1889. 
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the market, and it does so without causing an explosion in the lamp, 
and in addition the h'ght given is of a superior character. Its only 
disadvantage seems to be the ease with which it may be extinguished 
when suddenly brought into a rapid current of air. As a fireman's 
lamp, I think it is in front of all others ; with some lamps, when 
passing hurriedly from one place to another, it is possible to miss a 
small quantity of gas, but with the Hepple white- Gray this could not 
be done. Speaking generally of safety lamps, I may say that some- 
thing more is needed in them than the fact that they are safe in a 
certain velocity of air-current. Experiments on diflferent types 
are carried out at the surface, and the trials are conducted in a cur- 
rent of cool, fresh air mixed with certain percentages of gas. 
Down the mine the conditions are essentially different. The cur- 
rent of air is mixed with other gases than carburetted hydrogen, 
the temperature is considerably higher, and, in addition, varying 
quantities of coal-dust are present. Under such circumstances 
the practical working of some of the modern safety lamps is not 
quite the success one would have expected from the results of 
trials which have been conducted on them. Speaking from expe- 
rience about one of the lamps recommended by the Royal Com- 
mission on Accidents in Mines, its use is attended with numerous 
disadvantages. In a short space of time, in a sluggish air-current, 
it gets so hot that one can scarcely carry it, and the light decreases 
rapidly owing to the clogging of the gauze by coal dust, etc. For 
the working miner the Marsaut lamp appears to possess several 
advantages ; its construction is simple and strong, it gives a good 
light, burns steadily in a whirlwind, gives a reliable indication of 
gas, and is safe in explosive currents of high velocity. 

Effects of Workings on the Surface. — It is only by the 
multiplication of facts with details of the constitution of the strata 
and particulars of the inclination of the beds that any one can form 
opinions as to the probable effect and direction of subsidences. 
The whole subject seems enveloped in a veil of mystery, and most 
contradictory results are obtained. Gallon, in his lectures oil min- 
ing,* after an able review of the whole mattter, comes to the conclu- 
sion that subsidences take place at right angles to the planes of 
stratification, and that this subsidence continues without sensible 
diminution in amount quite up to the surface, whatever may be the 
* 

* Vol. ii., p. 306. 
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depth of the beds, and upon this argument the case cited by Mr. R. 
W. Dron was decided. Now, in South Staffordshire, as the mem- 
bers are aware, we have a very thick seam of coal. In certain dis- 
tricts the mines belong to the lord of the manor, and the surface to 
other individuals, and the former has power to work the mines with- 
out liabilities as to payment for injuries to the surface. As a result, 
the mines are worked without any consideration as to the effect 
they will produce on the surface, and although the district affords 
in places a striking example of the damage caused by removing 
thirty feet of coal in one operation, careful experiments on the 
amount of subsidence and draw have not been carried out. One 
point has, however, been satisfactorily demonstrated, and that is, 
that although in the great majority of cases subsidence takes place 
at right angles to the plane of stratification, in others it proceeds 
in a vertical direction. Where the beds are of a hard, tenacious 
character, such as sandstones, etc., the fracture is at right angles, 
but on the other hand, if they are soft and friable, it takes place 
vertically. The method of working also affects the result. When 
a seam is worked and stowing employed, subsidences of greater 
amount may be obtained, than sometimes happen if a thicker seam 
be extracted and the roof allowed to fall in. In the former case, a 
gradual compression of the gob takes place with a corresponding 
sinking of the overlying strata ; in the latter case, the rocks are 
broken and fall into the cavity caused by the workings, and as their 
bulk in the broken state is greater than it originally was, the open- 
ing gradually becomes less, until at the surface subsidence is scarcely 
noticeable. In a letter from the celebrated viewer, John Buddie, 
to Sir Charles Lyell, the former states that he invariably found 
that subsidence is always greater under a sandstone than under a 
metal-stone cover, and that whenever a lower seam is worked after 
an upper one has been removed, a second set or lowering takes 
place. Whether this action went on indefinitely he was not pre- 
pared to say, but in the working of three successive seams the 
phenomena had been noticed. The amount of each subsidence 
was not measured, but the whole amount of the settlement of the 
surface was five feet six inches, and the aggregate thickness of the 
three seams worked out was fourteen feet eleven inches. The 
method of working employed was bord (breast) and pillar, and the 
depth from the surface varied from 73 fathoms in tha first seam to 
107 fathoms in the third. The amount of subsidence is small, but 
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this is accounted for by the fact that the points of observation were 
situated at one end of the excavated tract and not near its centre. 
ELECTRiciTy IN MiNES — Many collieries are now equipped with 
the electric light, and the number is increasing daily. The cost of 
conductors is one of the chief items in putting down installations, 
and this has been remedied at Cannock Chase Collieries by using 
old pit ropes for this purpose instead of the copper cables generally 
employed. Excellent results have been obtained. The insulation is 
effected by laying the ropes in ordinary gutter-bricks which have a 
semi-circular recess, aqd placing the whole in a trench cut to receive 
it. The space between the brickwork and rope is filled in with a 
mixture of coal dust, lime and tar, poured in hot and allowed to cool. 
Coal-dust is an excellent non-cgnductor, as a layer -^ inch thick 
interposed between two copper plates opposes a resistance of quite 
1,000,000 ohms. This method of laying cables and the materials 
(ropes) employed, are strongly recommended for colliery purposes, 
but at the same time their use would be inadmissible for larger 
installations. I am rather surprised that more power applications 
have not been put down in this country. Many persons look on . 
electricity with a certain amount of suspicion, and consider it as 
being capable of further improvement. It would be foolish on 
any one's part to say that no improvement is possible, but at the 
same time it is improbable. When we consider that dynamos are 
capable of transforming 90 per cent, of the power transmitted to 
them into electricity it will be readily admitted that the margin is 
sufficiently close. The same remarks apply to motors, which will 
transform over 90 per cent, of the electricity transmitted to them 
into work. The solution of the problem of obtaining more work 
from the coal will probably come about by some other means. 
Every one is familiar with the easy transformation of electricity 
into heat, but up to the present, inventors have failed to transform 
heat into electricity. Looking at the immense strides which have 
taken place in this science during the past few years, it is not at 
all improbable that we may soon have some means of generating 
electricity from heat directly, without going through the laborious 
and wasteful operation of burning coal under boilers to form 
steam, and then converting the product into work by means of 
an engine. Another point deterring the mining student from 
taking up ejectricity is the difficulty he has in understanding the 
meaning of the technical terms used. We are familiar with *' feet 
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exports, for instance, if they increase in the way they are doing, in 
thirty-four years from now they will have reached the enormous 
figure of 165 million tons, which is more than the wJiole total output 
of tke Kingdom in 1887! All probabilities point strongly to the 
fact that the present rate of increase cannot be maintained. The 
chief one, in my opinion, is the question whether our country will 
be able to support the large increase in population required for the 
estimated output of say fifty years hence. It may be argued that 
as improvements are introduced, every man employed in mining 
coal will turn out a larger quantity of mineral than he does at 
present. If we examine the records for the past few years they 
will not bear out such a contention. The figures since 1881 are 
as follows : 

Production per man 
per annum. 

321 tons. 

339 " 

326 " 

327 " 
329 " 

So that instead of an increase, we practically remain in the same 
position. Unless some radical change occurs, the figures seem to 
indicate that to double the output the number of persons employed 
will have to be doubled also. On the other hand, it may be argued, 
that as mining is carried on at greater depths and under less favor- 
able circumstances than it is at present, every man employed will 
actually produce less coal per annum. Undoubtedly, the tendency 
of our day is for the population to migrate to industrial centres and 
leave the agricultural ones, but even taking this into account, it 
must be remembered that in addition to the larger number of miners 
who will be necessary to produce the future output, more artisans 
will also be required to use the increasing supply in the various 
processes of manufacture which coal aids. The probabilities raised 
by such a suggested increase in population cannot be satisfactorily 
dealt with in such a brief review as the present address must neces- 
sarily be. Even supposing the increase in output possible, and the 
exhaustion of our coal supply to take place in the hundred years 
given to it, would it be advisable by any measure of restriction in 
output to delay the inevitable end? Our foreign coal trade is an 





Total number of 


Statute tons of 


Year. 


persons employed. 


minerals wrought. 


1881, 


495»477 


168,959,931 


1882, 


503*987 


171,334,032 


1883,- 


514,933 


178,763,390 


1884, 


520,376 


174,872,759 


1885, 


520,63* 


173,223,960 


1 886, 


519,970 


170,006,959 


1887, 


526,277 


173,049,795 
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integral and essential part of our system and the measure of our 
commercial prosperity. To restrict output would increase prices, 
and cheap coal is a necessity, if we are to retain our place among 
nations. To enjoy the manifold advantages we do at the present 
time, coal must be raised as cheaply and disposed of as quickly as 
I)ossible, and it would never do to sacrifice our present position in 
view of some sentimental and remote contingencies as to what may 
happen in the future. The inevitable day must come when we 
shall fall behind our competitors in the coal race, but even then, 
sentimental regrets as to the non-existence of our works and col- 
lieries would be out of place. 



THE THERMO-ELECTRIC PYROMETER OF 

M. LE CHATELIER. 

By JOSEPH STRUTHERS. 

The principle upon which this pyrometer is constructed is, as 
the name indicates, the measurement of a current of electricity 
produced by heating a couple composed of two wires, one plati- 
num and the other platinum with 10 per cent, rhodium — the cur- 
rent produced being measured by a galvanometer. 

There are two forms of this pyrometer differing in details of 
construction ; one for laboratory use and the other for the meas- 
urement of industrial temperatures. The pyrometer consists of 
the couple which produces the current, the galvanometer which 
measures it and the conductor connecting the two. 

The couple is composed of the platinum and platinum-rhodium 
wires, joined at one end and introduced in the circuit, and can be 
heated its entire length without producing the opposite electric 
current, caused by the heating of the solder or weld at the juncture 
with the conductor; an essential quality for the industrial applica- 
tion of these couples. 

These wires are of perfect homogeneity and do not have their 
thermo-electric properties altered by hammering ; they may be 
joined together in various ways ; by soldering with palladium or 
gold, by simple twisting or by forging, the indication of the appa- 
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exports, for instance, if they increase in the way they are doing, in 
thirty-four years from now they will have reached the enormous 
figure of 165 million tons, which is more than the whole toted output 
of the Kingdom in 1887! All probabilities point strongly to the 
fact that the present rate of increase cannot be maintained. The 
chief one, in my opinion, is the question whether our country will 
be able to support the large increase in population required for the 
estimated output of say fifty years hence. It may be argued that 
as improvements are introduced, every man employed in mining 
coal will turn out a larger quantity of mineral than he does at 
present. If we examine the records for the past few years they 
will not bear out such a contention. The figures since 1881 are 
as follows : 





Total number of 


Statute tons of 


Production per man 


Year. 


persons employed. 


minerals wrought. 


per annum. 


1881, 


495,477 


168,959,931 


321 tons. 


1882, 


503*987 


171,334,032 


339 " 


1883,- 


514,933 


178.763,390 


326 « 


1884, 


520.376 


174,872,759 


336 ** 


1885, 


520,632 


173,223,960 


332 *• 


1886, 


5»9»97o 


170,006,959 


327 " 


1887, 


526,277 


173,049,795 


329 ** 



So that instead of an increase, we practically remain in the same 
position. Unless some radical change occurs, the figures seem to 
indicate that to double the output the number of persons employed 
will have to be doubled also. On the other hand, it may be argued, 
that as mining is carried on at greater depths and under less fevor- 
able circumstances than it is at present, every man employed will 
actually produce less coal per annum. Undoubtedly, the tendency 
of our day is for the population to migrate to industrial centres and 
leave the agricultural ones, but even taking this into account, it 
must be remembered that in addition to the larger number of miners 
who will be necessary to produce the future output, more artisans 
will also be required to use the increasing supply in the various 
processes of manufacture which coal aids. The probabilities raised 
by such a suggested increase in population cannot be satisfactorily 
dealt with in such a brief review as the present address must neces- 
sarily be. Even supposing the increase in output possible, and the 
exhaustion of our coal supply to take place in the hundred years 
given to it, would it be advisable by any measure of restriction in 
output to delay the inevitable end? Our foreign coal trade is an 
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integral and essential part of our system and the measure of our 
commercial prosperity. To restrict output would increase prices, 
and cheap coal is a necessity, if we are to retain our place among 
nations. To enjoy the manifold advantages we do at the pfesent 
time, coal must be raised as cheaply and disposed of as quickly as 
possible, and it would never do to sacrifice our present position in 
view of some sentimental and remote contingencies as to what may 
happen in the future. The inevitable day must come when we 
shall fall behind our competitors in the coal race, but even then, 
sentimental regrets as to the non-existence of our works and col- 
lieries would be out of place. 



THE THERMO-ELECTRIC PYROMETER OF 

M. LE CHATELIER. 

By JOSEPH STRUTHERS. 

\ The principle upon which this pyrometer is constructed is, as 

the name indicates, the measurement of a current of electricity 
produced by heating a couple composed of two wires, one plati- 
num and the other platinum with 10 per cent, rhodium — the cur- 
rent produced being measured by a galvanometer. 

There are two forms of this pyrometer differing in details of 
construction ; one for laboratory use and the other for the meas- 
urement of industrial temperatures. The pyrometer consists of 
the couple which produces the current, the galvanometer which 
measures it and the conductor connecting the two. 

The couple is composed of the platinum and platinum-rhodium 
wires, joined at one end and introduced in the circuit, and can be 
heated its entire length without producing the opposite electric 
current, caused by the heating of the solder or weld at the juncture 
with the conductor; an essential quality for the industrial applica- 
tion of these couples. 

These wires are of perfect homogeneity and do not have their 
thermo-electric properties altered by hammering ; they may be 
joined together in various ways ; by soldering with palladium or 
gold, by simple twisting or by forging, the indication of the appa- 
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ratus being the same in all cases — these qualities permitting easy 
repairs in case ot rupture. 

The composition of the gas which surrounds the couple has no 
influence on the indications, and to this advantage is to be added 
the important one which the couple possesses by virtue of its 
form, the long and slender shape rendering possible the taking of 
temperature at any point in a furnace. When temperatures above 
1400° C. are to be studied, the wires must have an isolating sup- 
port and must be of good length, so that all parts of a furnace can 
be reached. 

For a Siemens furnace, 3.5 metres is the general length. The 
wires are supported in an iron tube, 13 mm. interior diameter and 
held in place by a cylinder of refractory clay having two holes 
bored through in which the wires are placed ; a wooden handle is 
sometimes connected to the tube by two rings as a bayonet to a 
gun, thus giving greater length. The shortness of time (five 
seconds) allows the temperature to be taken without deteriora- 
ting the tube ; the only precaution necessary is to allow the wires 
to extend a few centimetres beyond the outer end of the iron tube. 
Other arrangements may be used, as when the continuous tem- 
perature of a furnace is required in which case the wires may be 
introduced through a permanent opening in the arch thus support- 
ing themselves. 

The galvanometer used is the reflecting galvanometer of Deprez 
and d'Arsonval, a detailed description of which can be found in 
any standard work on electricity. MM. le Chatelier and Carpen- 
tier have made several valuable improvements which render its 
manipulation more practical. 

This galvanometer consists of a strong permanent horseshoe 
magnet between the poles of which, placed vertically and supported 
by a standard, a piece of soft iron serves to increase the intensity of 
the magnetic field ; around this piece of iron (and so suspended 
that it will not touch either the iron or magnet) is a rectangular 
frame of fine wire supported and held in vertical position by two 
very fine wires of German silver, these serving also to conduct the 
current to the frame; these wires form a torsion-balance in which 
the strength of torsion produced by the angular movement of the 
frame serves to counterbalance and thus measure the reciprocal 
action of the frame. 

To intensify the deviation of the frame, a small mirror is perma- 
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nently attached to the upper part on the axis of suspension which 
reflects a ray of light and an image on a divided scale. 

The wires of the frame are of copper or German silver, the 
former having a less resistance and giving, other things being equal, 
a stronger current and greater deviation, but its resistance varies 
with the temperature ten times as much as German silver, thus 
necessitating corrections for slight changes of temperature, which 
could be avoided if German silver were used. 

Copper is usually employed for accurate measurements at high 
temperatures; German silver, when the temperature is below 
600° C. 

The delicacy of this apparatus is such that it will indicate dis- 
tinctly a current of j 0^0 ampere ; it is a galvanometre aperio- 
dique or dead-beat, as the equilibrium of the frame establishes 
itself very quickly and the image acquires a fixed position on 
the scale ; finally, it gives deviations proportional to the strength 
of the current within an approximation of one per cent. 

The conductor is generally .very long, to allow the location of 
the galvanometer at any place in the building, and on account of 
the delicacy of the galvanometer, it is best to have it permanently 
fixed ; a length of wire about 50 metres being suflScient to take 
the temperature of several ftirnaces ; this wire is generally rolled 
on a bobbin and is always a part of the circuit, thus avoiding the 
variation of the resistance of the conductor. The disposition of 
the wires of the conductor is of no importance ; they may be strung 
on permanent supports, along the wall of building, etc. 

The disposition of the apparatus for laboratory use is illustrated 
in Fig. I , showing the galvanometer, the lamp for projecting the ray 
of light on the mirrors, the scale to measure the deviations and the 
conduction wires on the bobbin connecting the galvanometer to 
the wires of couple which, in this case, are introduced directly 
into the substance in the jar. The box of resistances here shown 
being used to obtain the initial resistances of the conductor and 
galvanometer and, as hereafter mentioned, to equalize the resist- 
ance of the galvanometer caused by variation of its temperature 
instead of making the calculation. 

The apparatus as used for measurements of industrial tempera- 
tures diftjrs in construction ; it is contained in two wooden boxes 
which, for ease in transportation, can be fixed to a middle piece of 
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wood having a handle at one end ; these boxes when removed 
Fio-l. 



1 be attached to a wall by means of loops A and B Fig. (2), and 
Fig. 2. 



made vertical by turning the screws v, v, at the bottom, guided 
by a small plumb-line attached to the box on the inside. 
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The box A contains th« galvanometer difTering from the one 
described in the support and construction of the wire frame ; these 
supports are fastened to the back of the box and connected by 
means of platinum wire to the thumb screws, b, b, at the bottom, 
by means of which the connection is made to the conductor. 

In the manner of suspension, the frame diflers from that of 
Deprez and d'Arsonval. The threads of German silver are termi- 
nated by small balls of platinum ; one of the balls is held in a 
notch arranged on the support (Fig. 3) ; the other in a similar 



Flo. 3. 




notch arranged on the top of the frame. The same method is 
applied to the attachment of the lower thread. By reference to the 
figure it is seen that the mirror {ni) is not placed on the axis of 
suspension. This is counterbalanced by means of a disk {d) of 
metal of the same weight, thus restoring the centre of gravity 
of the frame to the axis of suspension. 

The supports are formed of a flexible copper plate, /, bent round 
to form a spring, which can be raised or lowered by means of a 
screw, V. 

The use of the thread with the two balls renders the pyrometer 
less liable to injury by transportation, since the frame and suspend- 



148 THE QUARTERLY. 

ing wires can be withdrawn, the other parts are very strong and 
substantial. By having duplicate wires, any further accident can 
be repaired. 

During transportation it is sometimes easier to wedge the frame 
in place and release the suspending wires from tension. When the 
wires are replaced, care must be taken to place the upper and lower 
ones in their respective positions, as experience has shown that 
changing them modifies the elasticity of tension, and falsifies the 
indications. 

An aperture with a glass cover is made at the side to admit the 
passage of both incident and reflected rays. This box should 
always be closed. 

The two parts of the galvanometer can be placed on a frame of 
wood, where the position of the two boxes are marked, so that the 
distance between the scale and mirror is one metre. If necessary 
to remove the apparatus it suffices to hang the frame on nails and 
the placing in position is immediate. 

Thus it is seen that in order to easily adjust this form of the 
pyrometer all that is needed is a vertical plane surface two metres 
square; this being a decided advantage over the original galvanom- 
eter which requires a horizontal table. 

The box B, from which the cover is removed during the observa- 
tions, contains the lamp giving a steady flame and a cylinder of 
sheet-iron forming a .chimney. At one side of this chimney a 
lens is placed to obtain parallel rays, and direct them to the 
mirror. A screen having an opening and. image is in front of this 
lens, the image of the opening being reflected on the scale helps 
to obtain an exact reading. The scale is a transparent one, 
moving in a groove, and placed a little oblique to the plane of the 
apparatus, being perpendicular to the bisectrix of the angle of 
greatest deviation in order to reduce to the least degree the error 
due to the substitution of the tangent for the arc in measuring the 
angle of deviation. This error, however, would be of no import- 
ance, since the angles considered are less than five degrees. In 
order to adjust the apparatus, the frame and the suspending wires 
must be made vertical ; this is easily accomplished by means of the 
adjusting screws and plumb-line. 

The luminous rays are made to fall on the mirror by raising and 
lowering the box containing the lamp until the image falls on the 
scale. It often occurs in the first use of the apparatus that the 
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image does not appear, owing to the lamp being out of place, or 
the reflected ray passing to the side of the scale. This can be 
overcome by placing it in a dark room for adjustment. 

It is also advisable to close the circuit by attaching the wire of 
•the conductor to the binding screws of the galvanometer, thus 
placing the galvanometer in closed circuit. Unless this precau- 
tion is taken the oscillations of the frame are stopped very slowly. 
In a closed circuit the equilibrium of the frame is restored imme- 
ediately and the image acquires a fixed position. The steadiness 
of the image is a certain guarantee that there is no break in the wire. 

The image being fixed on the scale, it is placed at zero. This is 
accomplished in several ways; for a great angle of deviation it is 
necessary to turn one of the suspending wires by imparting a rotary 
movement to the little ball which terminates it, using pincers or 
the hand ; for a small deviation slightly turn the case of the gal- 
vanometer by means of one of the adjusting screws ; if it is only a 
few millimetres from the line, move the adjustable scale in the 
groove which supports it. The apparatus is then ready for use. 

The manipulation of this apparatus requires care and some 
apprenticeship, but is within the reach of any one capable of 
making a fine reading. 

The graduation of the apparatus is made as follows : The 
pyrometer gives by the reading on a graduated scale in mm., the 
measurement of the intensity of a current produced by heating 
the thermo-electric couple. To deduce thermometric degrees from 
these readings it suffices to know the law of variation of the electro- 
motive force with the temperature f(E. t) = O, and the temperature 
corresponding to any two points on the scale. This law, studied 
by M. le Chatelie;r for this couple, is explained only by very com- 
plex formulae, two equations of the parabola of three terms, and 
even then with an approximation of 10° only, this approximation 
being greater than that which the pyrometer itself gives. 

The application of the formula is therefore not practical in 
translating the reading, but the study of the couple conducted by 
M. le Chatelier has a very interesting result, giving the translation 
very easily, between 300® and 1200° C. 

M. le Chatelier quotes, in his able article on the " Measurement 
of High Temperatures/'* as follows : " If the relative curve of a 

 l-l-IIMI ■!  -- — »^ —■ — -■■ ., . , III.., , . ,.> 

 Le Chatelier, ** Measures des Temperatures felev^s." Journal de Ffiysique^ 2d 
«Wes, t. vi, 

VOL. XII. — II 
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platinum and platinum-rhodium couple be studied, it will be ob- 
served that between 500° and 1000° it presents a point of inflection 
whose tangent merges into the curve to a great extent, so that 
between 300® and 1200° (the interval of temperature where the 
measures are most interesting) the curve can be represented by a- 
straight line, of which the equation would be 

E = — 0.15 + 0.1 15 t, . . • (0 

There is thus proportion between temperature and number of 
division on the scale. Practically, the easiest method of translat- 
ing the readings is by the use of a graphic chart, made by using 
points produced by heating the couple to known temperatures and 
from these points constructing the extended scale. 

The following is the description of the graduation given by M. 
Damour :* 

The temperatures easiest of comparison between the pyrometers 
and the normal thermometer are the points of the change of state 
bodies, the greater number of which have been the object of 
researches by the most able chemists. These are the fixed points 
borrowed from the determinations of M. Violle, which M. le 
Chatelier used as starting points. 



Temperatures. 


Fusion. 


Boiling. 


100 




Water. 


325 


Lead. 




358 




Mercury, 


415 


Zinc. 




448 




Sulphur. 


665 




Selenium 


945 


Silver. 




X045 


Gold. 




1054 


Copper. 




1500 


Palladium. 




1775 


Platinum. 





These different points are not all 6f easy use. The point of 
fusion of zinc appears to present an anomaly similar to that of 
sulphur. In heating that metal beyond its point of fusion and 
letting it cool, an interval of fifteen degrees is found between the 
point of fusion and of solidification, but if once solidified and re- 
heated immediately the anomaly is not reproduced. 

 Bullftin de la Sociiti des Anritns iUves de PEcoU des Mines, Mars et Avrily 1889. 
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The fusion point of silver appears also to. be somewhat variable. 
This anomaly could be the result of absorption of oxide of silver 
which the molten metal holds in solution and which is the cause 
of sprouting. Lastly, the three metals, Zn, Ag and Cu, have the 
•great disadvantage of emitting at their points of fusion vapors 
which affect the platinum of the couple. 

The points most frequently used for graduating apparatus are : 
boiling-water, the fusion of lead, boiling of sulphur, the fusion of 
aluminum and gold. The boiling of water presents no difficulty. 
The same is the case with boiling of sulphur, which can be done 
in a porcelain crucible of some depth, perhaps in a test-tube. In 
the latter case^ one must guard against the ejecting of molten 
sulphur during boiling. 

Sulphur has no destructive action on the platinum or its alloy 
with rhodium. After the experiment any adhering particles can 
be rubbed off*. In the preceding operation the image preserves a 
position absolutely invariable, and as the ebullition can be pro- 
longed as long as desired, the reading can be made with great 
precision. When a metal, gold for example, is carried to its fusion- 
point, the process is a little more delicate. The end of the couple 
is surrounded with a foil ; or better, the couple is wound with gold 
wire and plunged into a crucible filled with refractory material, 
such as precipitated silica or magnesium carbonate. In order that 
the heating of the end should be very gradual, the crucible is 
placed on a hearth and regularly heated. M. le Chatelier used a 
furnace and M. Damour used Deville's turpentine lamp, giving a 
uniform heat 

To measure the elevated temperature the image is displaced on 
the scale without a stop up to the point corresponding to fusion 
of the gold. At that moment the quantity of heat necessary to 
change its state causes a retardation in the progress of the image 
and a short period of rest, followed by a brisk jump of i or 2 
divisions on the scale, indicates the degree on scale to note. 

When the first attempt is made with a new couple and gal- 
vanometer the reading is generally a little difficult, owing to the 
production of some temperatures which cause rests on the scale 
and tend to deceive the operator. Usually after one or two trials 
one knows to within a few mm. of the right stopping-point, and 
error is no longer possible. 
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Lead and gold do not attack the couple. The fusion-point of 
aluminum which has been determined by M. le Chatelier is equally 
easy to use, and possesses the advantage that it gives a tem- 
perature intermediate between the boiling-point of sulphur and the 
melting-point of gold. 

A temperature higher than the fusion-point of the metals of the 
couple is indicated by the breaking of the circuit. Below is given 
a complete table of the results of the experiments of M. le Chatelier 
which served to trace the curve. Other known temperatures of 
fusion and volatilization could be used as fixed points on the scale. 



H,0,. 
NH.Cl, 

Hg, . 

s, . 

Al. . 
Se, 

Au, . 
Pd, . 
Pt. . 



Fixed Points. 


Deviations 


Calculated 




Observed. 


Temperatures. 


. lOO 


5.5 






25.6 


340 


. 358 


27.7 




. 448 


363 






57.3 


625 


. 665 


61.8 


* 




102.5 


1015 


. 1045 


. 105.6 




. 1500 


161. 




• 1775 


182. 





A. Rigaut* gives the following table of verification of results 
obtained : 

Temperatures Degrees 

Admitted. Observed. 

Bulling of water, 100 100 

NH.Cl, 340 3H 

'* S 448 443 

*' ^ Se, 665 669 

Fusion of Au, 1045 1042 

** Pd, 1500 1514 

The following is a chart showing the curve of temperature 
traced in the laboratory of the Ecole d'Mines with a galvanometer 
having an internal resistance of 250 ohms, which gave on the scale 
a displacement of \QO mm. for yj^ volt. The temperature of the 
apparatus and of the point of juncture of the wires of the couple to 
the conductor being 17° C. 



* La Lumiire EUcirique^ Samedi^ 17 Mai, 1890. 
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Fig. 4. 
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By inspection of this chart it can be seen that the tracing of the 
temperature curve on paper is rendered very easy if the paper is 
squared to lines i millimeter apart. The abscissas are taken 
from the temperatures to the scale of I to 5, that is, i mm. to 
5° C. The ordinates are taken from the deviations of the gal- 
vanometer to the scale of 2 to i. 

This example may be used as a guide for the first graduation. 
However, it is important to remark that the results on the scale of 
one pyrometer cannot be expected to agree with results on the scale 
of others, and also, that results obtained by the same pyrometer 
under different conditions will vary. As a precautionary measure 
it is advisable to verify the chart from time to time whenever the 
pyrometer is to be used for very exact temperatures, and in this 
way avoid any cause of error. 

The causes of error and the corrections of the readings are very 
ably discussed by M. Damour. In his article before mentioned 
he presents them in the following manner : 

Causes of Error in the Indications of the Pyrometer and the 

Correction of the Readings. 

From the preceding description it is always easy to refer the 
readings made by the pyrometer to normal thermometric degrees. 
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The verification of the scale made in the course of the testing 
allows suppression of the causes of error and arrival at an ap- 
proximation of 5 to lo® C, such being the conditions of the appa- 
ratus. But in industrial measurements, which have to be made 
rapidly, there is no time for verification. 

The errors are due to two sources, the galvanometer and the 
exterior circuit. 

The Galvanometer. — Some authorities question the constancy of 
the dead-beat galvanometer, claiming that the permanent magnets 
are affected by time. It is well, therefore, .to verify, from time to 
time. All that is necessary is to pass a current of known intensity 
and to measure the corresponding deviation. A pile having a 
strong current of constant force can be used, but this is difficult to 
obtain, and when used, necessitates the introduction of resistance- 
coils. The easiest way is to employ the couple of M. Chatelier, 
which is considered unalterable. It can be heated to a fixed 
temperature, such as the fusion of sulphur, and the deviation pro- 
duced by the known electric force can be measured. This brings 
us back to the remaking of the graduation (chart), which is always 
advisable to insure absolute results. This cause of error, there- 
fore, merits no further discussion. The variation of temperature 
also affects the galvanometer. It is of great importance, but the 
correction is easy, knowing the ratio of the deviation to the in- 
tensity. Take, for example, the use of the copper frame in the 
instrument tested by M. Damour ; the resistance was 208 ohms, 
the increase of the resistance of copper for each degree centigrade 
between 0° and 100° is 0.00388 per degree.* Suppose the 
graduation was made at 15°. In order to determine the correction 
which should be made if the galvanometer was at 16°, let R = 
resistance of the galvanometer ; then at 

* The coefficient of correction is not absolute ; it varies with the difference between 
the two temperatures. The exact formula would be : 



in which 



n^ I -f at 

n ^ number of degrees observed on the scale. 
n^=z ** •* . *« which would be observed if 

the galvanometer was at the temperature of its 

graduation. 
/ = the observed temperature of the galvanometer. 
/'= the temperature of galvanometer when graduated. 
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15° R= 208 (i +0.C0388 X 15) = 220.10 
16*^ R'= 208 (i + 0.00388 X 16) = 220.90 

R' — R= 0.80 

R^ — R 0.8 . 

--^ = — = 0.30 per cent. 

R 220 ^ ^ 

The resistance being increased 0.36 per cent., the deviation ot 
frame is less. It is therefore necessary to adjust the reading made 
on the scale to conform with the increased resistance. The ex- 
tent of error can be estimated in thermometric degrees as follows : 

The greatest deviation is 200 mm. corresponding to nearly 1 100® 
which allows 5.5® to each mm., the correction being 

0.36 ^ . 

-^ X 200 = 0.72 

100 

5.5 X 0.72 = 3.9^ 

In practice, these errors can be adjusted even when the increased 
resistance is as much as 2 per cent, which equals 25° to 30° tem- 
perature. 

(Another method is used for this correction and that is to intro- 
duce in the circuit coils of known resistance, and by their introduc- 
tion or removal from the circuit, counterbalance the difference of 
resistance of galvanometer caused by a lower or higher tempera- 
ture.) 

It is consequently necessary with the copper wire frame, to take 
the temperature of the location of the galvanometer by a ther- 
mometer; when the difference between the temperature of the gal- 
vanometer and temperature taken when the chart was made exceeds 
2^y correction must be made. 

It is not the same with the frame of German silver, since the 
increase of resistance is \ that of copper, equalling 0.044. When 
a frame of German silver wire is used, the following would be the 
formula to calculate the correction. 

A frame having resistance of 242 ohms, gave at a temperature 
of 1500®, a deviation of 100 mm. : 

R= 242 (i -|- 0.00044 X 15) = 243.6 
R' = 242 (i 4- 0.00044 X 16) = 243.7 

R'—R = ~^i 

— = 0.041 per cent. 

which represents a maximum error of 0.6® at the temperature of 
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1 500° C. For differences of 5 or 6 degrees, the error is not worth 
while to carry to the thousandths, and is rejected. 

Thus the German silver frame has the advantage of being able 
to reject the correction due to slight changes in temperature of the 
galvanometer ; but as the copper possesses a sensibility three times 
as great, and the correction for change in temperature can be made 
so easily, the advantage of the frame of German silver wire is ques- 
tionable. 

The calculations for these corrections are rendered very easy by 
employing a graphic method, in which case, all that is necessary 
is to trace the two curves corresponding to the extreme tempera- 
tures, and for intermediate temperatures to apply simple propor- 
tion to the portion of the ordinates between these two curves. 

The Exterior Circuit, — This is composed of the conducting wires 
and the couple; the conducting wires are of necessity very long in 
industrial measurements. It might be feared that this would sensi- 
bly influence the deflection and diminish the sensibility of the gal- 
vanometer by introducing that amount of resistance outside of the 
galvanometer. This influence, however, is insignificant. The con- 
ductor used being of copper wire, 0.9 mm. diameter, of a resistance 
of 0.025 per metre; lOO m. wire, giving 2.25 ohms being y^ the 
resistance of the galvanometer itself, the variations due to tem- 
perature being in the thousandths, can be passed over. 

The conductor can be thus lengthened to fit the position of the 
galvanometer and the temperature may be taken 1 50 m. from the 
furnace. 

The Couple. — ^The resistance of the couple when heated to very 
elevated temperatures has a particular importaoce in those measure- 
ments where it is necessary to have long wires of platinum and 
platinum-rhodium. 

To ascertain the limit of error in a couple 3 J^ metres in length, 
which we supposed to be heated its entire length to the same 
temperature as the juncture of wires in couples, say 1500°, the 
resistance of the couple would be about 2 ohms per metre, the double 
wire giving a total of 7 ohms resistance at 1500° ; the increase of 
resistance is 0.6 per cent., giving 4.2 ohms, the error thus equalling 

- ' = 1.6 per cent. ; this is large enough to apparently falsify the 
242 

results, inasmuch that in making the correction, it is assumed that 
the temperature of the welde and the entire length of wire is 
equal — an hypothesis inexact and general. 
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There are two ways of obviating this difficulty. 

If the couple is placed directly in the furnace in an isolating 
envelope, all that is necessary is to make the graduation of the gal- 
vanometer under the same conditions, and the fusion points of 
metals, such as lead, aluminium and gold, are taken as the fixed 
points. The observation of the points of arrest on the scale is a 
little more difficult than the laboratory experiments. 

When the couple is in the cylinder of clay, and protected by a tube 
ofiron, it suffices to take the reading just before the wires are heated. 
It does not take more than five seconds for the frame to assume a 
position of equilibrium, and with an interval of time so short, the 
elevation of the temperature of the cylinder can be neglected. 

As the deviation of the galvanometer results from an electro- 
motive force due to the difference of temperature between the 
juncture of the wires with the conductors, and the juncture of the 
wires themselves, it is therefore necessary to note the temperature 
of the junction of the couple wires to the conducting wires, and if 
it varies appreciably from the temperature made at the time of the 
graduation of the apparatus, to adjust the readings made on the 
curve of the temperatures. This is on the supposition that for the 
same difference between the temperatures of the junctures the 
electromotive force is the same, irrespective of what those temper- 
atures may be, and this supposition is verified in practice by prov- 
ing that the two curves produced, when the end was at 0° and at 
25° C. respectively, are parallel. The temperature of the juncture 
of the couple and conducting wires can always be adjusted by 
pouring water on it. 

Daily tests made by this pyrometer in measuring furnace tem- 
peratures under a great variety of conditions, show that the read- 
ings of the scale uncorrected are always within 25° of the correct 
temperature, and in the majority of industrial measurements this 
is sufficiently accurate. 

If greater precision be required, by following out the simple 
graduation and making the few corrections indicated, the tempera- 
ture can be approximated within 10°. 

Thus the pyrometer is not only an excellent industrial one, as 
by its use the temperature of furnaces can be easily and absolutely 
controlled, but also one of great scientific importance, affording 
the means of opening up researches which have heretofore been 
impossible, owing to the inability to obtain sufficiently close 
approximations of temperatures. 
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THE OPERATIONS OF THE UNITED STATES 

GEOLOGICAL SURVEY. 

By H. M. WILSON. 

The United States Geological Survey is making steady progress 
in its several fields of labor. Though the irrigation branch of 
this bureau ceased to exist last August owing to the failure of 
Congress to appropriate for its continuation, still active and good 
work is being done by the topographic branch of the survey in 
reporting on storage reservoir sites discovered by the field parties 
while prosecuting their topographic labors. The bill as passed by 
the last session of this Congress authorizes the Director of the 
United States Geological Survey to report for segregation and 
reservation from sale or entry, any reservoir site which the topo- 
graphers may discover. 

During the field season just closed, about 200 such sites were 
discovered by the topographers working in the arid regions, of 
which the majority are in Montana, New Mexico, Colorado and 
California. Whenever an apparently good site was noticed, a 
rapid plane-table and level survey was made of it, usually on a scale 
of 1000 feet to one inch, and this survey was connected with the 
corners of the United States Land Survey, so that the location 
could be identified and the lands reported for withdrawal. 

In addition to the discovery of reservoir sites, the work of tab- 
ulating and mapping the results of the surveys goes on rapidly in 
the office, and the reports will soon be ready to go to press. The 
director has just completed and sent to the Public Printer the 
second volume of the Eleventh Annual Report of the Geological 
Survey, which contains the report on the operations of the irriga- 
tion branch. 

From this report it appears that stream gaugings were main- 
tained by the hydrographers on all of the more important streams 
of the West during the years 1889-90, from which a mass of valu- 
able information has been obtained regarding the discharge of these 
streams during the different seasons of the year, thus showing the 
water-supply available for purposes of irrigation. Some valuable 
experiments were conducted to ascertain the best apparatus and 
mode of conducting these gaugings. Experiments and observa- 
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tions were made to ascertain the amount of evaporation and seepage 
in various localities and soils ; and the available rainfall statistics 
were utilized to obtain the percentages of run-off for different 
catchment basins. 

The engineers made detailed surveys and reports on 33 storage 
reservoir projects and nearly a dozen great canal systems, besides 
making preliminary reports on over 250 water storage and canal 
projects and recommending them for more detailed examination. 
The work of this branch was under the charge of a corps of ex- 
perienced engineers ; Major C. E. Dutton, U. S. A., was the chief 
engineer, under whom Mr. Wm. Ham. Hall, ex-State Engineer of 
California, was supervising engineer of the Pacific drainage, a^nd 
Mr. E. S. Nettleton, ex-State Engineer of Colorado, was supervis- 
ing engineer of the Atlantic drainage basin. Among the executive 
engineers were, A. D. Foote in charge of the Snake River Basin 
in Idaho, H. M. Wilson in charge of the Missouri River Basin in 
Montana, S. H. Bodfish of the Arkansas River Basin, W. W. Follett 
of the Rio Grande Basin and a few others in charge of minor 
circuits. 

The surveys of the 33 detailed projects included the mapping of 
the reservoir sites to a scale of 400 feet to one inch, with contours 
at intervals of four feet apart, thus enabling the contents of the 
reservoirs to be accurately calculated for any depth of water. Esti- 
mates of the water supply of the catchment basins of the reservoirs 
were made from the work of the hydrographers and topographers, 
and a careful study made of the areas of irrigable lands, soil and 
crops. The canal lines for commanding these lands were run out 
and cross-sectioned, and designs and estimates have been submitted 
showing the quantities of material required in the dams and the 
amount and kind of excavation in the canals, with estimates of the 
cost of the works and their probable financial return. 

In addition to the eleventh annual report of the director, which 
goes over the whole ground in a general manner, five other reports 
are in preparation. These include a volume of the Statistics of 
Irrigation in the United States^ which is being prepared for the 
Eleventh Census by Mr. F. H. Newell, special census agent for 
irrigation ; a volume by Mr. H. M. Wilson which gives the detailed 
results of the labors of the engineering branch, besides descriptions 
of some of the more important works completed or under construc- 
tion by private engineers in various parts of the country ; a volume 
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on Irrigatioft in India by Mr. Wilson, embodying the results of his 
examination and study of the works of that country made during 
a recent trip to India for that purpose. And lastly, a volume giving 
a summary of the progress and works of irrigation in France, by 
Prof. C. A. Keniston, C.E. ; in Italy, by Francis Fava, Jr., C.E. ; 
and in Egypt, by H. M. Wilson, C.E. All of these reports will be 
gotten up in the excellent manner which characterizes the publica- 
tions of this bureau, and will be liberally illustrated with maps, 
photo-engravings and diagrams. 

Rapid progress is being made in mapping the territory of the 
United States by the topographers of the United States Geologi- 
cal Survey under the general charge of Mr. Henry Gannett, chief 
topographer. During the field season just closed there have been 
mapped in the southeastern division, under Mr. Gilbert Thomp- 
son, 13,000 square miles in Maryland, Kentucky, Tennessee, West 
Virginia, Virginia, Georgia and South Carolina. The work of 
this division is published on a scale of two miles to one inch and 
in fifty-foot contours. The central division, under Mr. J. H. 
Renshawe, has mapped 5300 square miles in Wisconsin, Illinois, 
Iowa, Michigan and Arkansas to scales of one mile to one inch 
and two miles to one inch, and in twenty and fifty-foot contours. 
The Texas and Kartsas Division, under Mr. R. U. Goode, has 
completed the survey of 17,000 square miles, to a scale of two 
miles to one inch and in twenty-foot contours. The Northeastern 
Division, under Mr. H. M. Wilson, has mapped 5000 square miles 
in Pennsylvania, New York, Connecticut and Maine, to a scale of 
one mile to one inch, and in twenty-foot contours. In Louisiana 
and Florida, 2200 square miles were mapped to a scale of one mile 
to one inch, and with from five to twenty-foot contour interval, and 
the parties in that division have again just taken the field for the 
winter. 

The Western Grand Division, under Professor A. H. Thompson, 
has mapped 21,000 square miles in California, Nevada, Idaho, 
Montana, Colorado and New Mexico, to a scale of two miles to 
one inch, and in contour intervals varying from 20 to lOD feet, 
according to the nature of the topography, besides locating and 
surveying 200 reservoir sites, as before stated. 

The total area mapped to date since the organization of the sur- 
vey in 1 88 1, amounts to 600,000 square miles, of which about one- 
half is in the arid west 
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The survey of Connecticut, the fourth State mapped by co-op- 
eration with the United States Geological Survey, has just been 
completed. The first State to suggest co operation was Massa- 
chusetts, which appointed a commission consisting of General 
Francis A. Walker, Chairman, H. L. Whiting and Professor N. S. 
Shaler. Work was commenced in 1884 and was completed accord- 
ing to agreement in 1887. The field work was performed by and 
under the management of the United States Geological Survey. 
When this Massachusetts work was commenced, it was estimated 
that the map would cost ;jlio per square mile, for which the State 
appropriated one-half or $40,000 for her 8000 square miles of terri- 
tory. The work actually cost a somewhat larger sum, the United 
States Geological Survey paying the difference. Besides giving 
the State copies of the engraved map, the Geological Survey 
loaned the State the engraved plates from which the Commission 
is publishing an edition of 54,000 atlas sheets, which are now for 
sale at a few cents per sheet. The State of Rhode Island was 
mapped in 1888 by co-operation, at the estimated cost of $\o per 
square mile, of which the State paid half. The survey of Connecti- 
cut was begun by co-operation in 1888, and has just been com- 
pleted at a cost of about $g per square mile, which is $1 less than 
the estimate, the difference to be returned to the State treasury. 
The survey of New Jersey had been partially finished under 
Professor George H. Cook, State Geologist, when the United States 
Geological Survey agreed to contribute to the expense necessary 
to complete it. 

This work of co-operation is destined to play an important part 
in the future operations of the survey, as other States are now 
beginning to appreciate its benefits and are anxious to obtain the 
co-operation of the corps of trained topographers in the employ of 
the United States Geological Survey, to enable them to obtain at 
small cost and in the shortest possible period of time, accurate 
topographic maps of their territory. These maps have proved of 
great value in delineating political boundaries exactly ; aiding in 
the planning of a system of modern highways ; and in showing 
up in connection with the work of the geologists the agricultural 
and mineral value of the land. 

The handsome engraved wall-map of the United States which 
the draughting division has been preparing for some time past, has 
just been received from the engraver. This map is on a scale of 
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forty miles to one inch, and has contours at intervals of ichdo feet 
in the Appalachian and Rocky Mountain ranges, and at intervals 
of from ICO to 5CX) feet elsewhere. It is engraved and printed in 
three colors, as are all the atlases of the survey, and is by far the 
handsomest and most accurate general map of the United States 
ever published. 

The work of the Geological Division, under Mr. G. K. Gilbert, 
chief geologist, is being pushed over the unsurveyed portions of 
the United States in such manner as to continue the general study 
of the stratigraphic and structural geology of the country, besides 
studying various economic and scientific problems which are en- 
countered in the course of the general geological work. The Cali- 
fornia Division, under Mr. G. F. Baker, is still engaged in study- 
ing the geology of the Central Sierra Nevada, the Gold Belt 
district. Mr. W. Lindgren is doing the field work in the central 
part of the area, and Mr. H. W. Turner in the extreme northern 
portion and in the Yosemite National Park. 

In the Montana Division, Mr. Arnold Hague, who is in charge, 
is engaged on working up the general problems and results of the 
Yellowstone Park survey. Mr. J. P. Iddings is working up the 
volcanic rocks of the Yellowstone Park and vicinity, and Mr. 
Walter Harvey Weed the stratigraphic and structural geology of 
the Yellowstone valley, besides studying the mineral resources of 
that region. Doctor A. C. Peale is engaged in studying the strati- 
graphic and structural geology of the Madison valley in Montana. 

The members of the Rocky Mountain Division, under charge 
of Mr. S. F. Emmons, are completing monographs on the Silver 
Cliff, Ten Mile and Denver mining district, and on the Anthracite 
coal-deposits of the Gunnison country. Professor Van Hise is 
engaged on the study of the Algonkian system of Pre-Cambrian 
stratified rocks, the new series of rocks which is found in various 
parts of the United States, but is especially prominent in the Lake 
Superior region. Doctor White and Mr. Lester F. Ward are con- 
tinuing their studies of the history of the Laramie group, the latter 
being engaged exclusively on the palaeontology of this group. 
Mr. C. D. Walcott is continuing his studies of the Cambrian 
system. 

In the east, Professor Shaler is studying the geology of the 
North Atlantic coastal plain, and Mr. McGee, with the aid of Mr. 
Darton, is studying the geology of the coastal plain at large. The 
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Appalachian Division, under Mr. Bailey Willis, are studying the 
stratigraphic and structural geology of the Palaeozoic rocks in the 
southern Appalachian Range. Mr. I. C. Russell, who has just 
returned from a trip to Mt- St. Elias, in Alaska, is engaged in 
reporting on the geological and glacial phenomena of that region. 

In addition to the routine work of the division of chemistry in 
making the necessary analyses for the geologists, the various 
chemists are engaged in doing an unusual amount of research and 
experimental work. Dr. F. W. Clark, the chief chemist, is engaged, 
with the aid of Dr. Schneider, in making a series of experimental 
analyses of the silicates and in investigating the colloids. Dr. 
Hillebrand is working on the Uranium minerals, and Dr. Chatard 
on the Florida phosphates, and will soon go to Florida to make 
field investigations and collections, in connection with Mr. El- 
dridge, who is studying the geology of the phosphate deposits. 
Drs. Melville and Eakin are both working independently on a 
variety of mineralogic and crystallographic analyses and experi- 
ments, while Dr. Stokes is engaged on a revision of the silicic 
ethers. 

In the physical laboratory, Dr. Carl Barus is engaged in making 
experiments on high pressures and their relation to the boiling and 
melting points, in continuation of his former work in kindred 
lines, and Dr. Hallock is experimenting on the coefficient of expan • 
sion and the module of elasticity of rocks. This division of the 
survey has in the past issued several valuable bulletins, embody- 
ing the results of special experimental work in chemistry, and 
have yet more interesting volumes in preparation. 

It is ^he intention of the director to make a brilliant exhibit of 
minerals at the World's Columbian Exposition at Chicago, and 
the work of collecting will soon begin. The survey will be glad 
to acquire fine specimens of typical American minerals for this 
purpose. 
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ABSTRACTS. 



Analytical Chemistry, by E. Waller. 

Obtaifting Iodine free from Chlorine, Musset {Pharm, Centr, [N. F.], 
xi., 230). Heat the iodine in a beaker with concentrated solution of 
KI until the haloid fuses; drain, wash, and dry. 

Lakmoid, Forster (Z/r. /. Angen, Chern,, '90, Heft 6) finds that the 
article usually sold for laboratory use contains impurities which interfere 
with its use, among others a substance which, though turning red with 
acid, is rendered permanently blue by alkalies. A good way of obtain- 
ing a satisfactory solution from the commercial article is to extract 8 
parts with 100 parts of 20 per cent, alcohol by heating over the water- 
bath for 15 minutes and then cooling and filtering, afterward adding an 
equal bulk of alcohol. The addition of a little malachite green (about 
one-sixth), allowing to stand and filtering, gives a more satisfactory 
indicator. 

Standardizing Alkalimeiric Solutions. Heidenschein {Pharm. Rund- 
schau, y viii., 133) recommends KHC^H^O, for this purpose, since it 
contains no water of crystallization, is not hygroscopic, and can be 
readily dried, withstanding a moderately high temperature without 
alteration. Hart and Croasdale propose {Jour. Analy. and Chem., iv., 
424) to electrolize a convenient amount of pure CuSO^, to weigh the Cu 
and use the solution, which will contain 98 parts pure H^SO^ to every 63 
of Cu found, and with this to standardize. 

Potassium in Soils. Raul in (C Rend., ex., 289). The method de- 
pends upon the comparatively slight solubility of potassium phospho- 
molybdate. The reagent is prepared by dissolving 100 gms. neutral 
ammonium molybdace in water and adding 6.5 gms. pure ammonium 
phosphate. Aqua regia is added, and the solution digested hot, with 
irtquent additions of aqua regia, until the precipitate is redissolved. It 
is then evaporated to dryness, and the residue taken up with 400 cc. of 
water and 5 cc. HNOg, heated and filtered. A liquid for washing is 
prepared. 

A portion of the soil, which should contain the equivalent of about 
0.015 grm. K.^O is weighed off, the potassium salts extracted and sep- 
arated by some convenient methods from the most of the lime, iron, etc., 
and converted to nitrate. The solution is concentrated, acidulated 
with nitric acid, the phospho-molybdate reagent added in the proportion 
of about 4 cc. for every o.oi grm. K,0 supposed to be present, evapo- 
rated to dryness at 50°, filtered, and washed with the washing-solution, 
using counterpoised filters. The precipitate contains 5.2 per cent of 
K,0. 

Qualitative for Alkaline Earths, Ludekin^ {St, Louis Acad. Sci.\ 
Alkaline chromate is a more delicate test for Bi than CaSO^ solution. 
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The presence of Ca or Sr salts decreases the delicacy of both tests, more 
particularly that with CaSO^. The CaSO^ test for Sr is more affected 
by Ca than by Ba salts. No satisfactory method for precipitating Sr 
free from Ca (if present) has yet been found. The scheme recommended 
for qualitative detection is to precipitate the Ba from a boiling solu- 
tion slightly acid with acetic by mono- or dichromate. Test the filtrate 
spectroscopically for Sr. Precipitate by ammonium carbonate, dissolve 
in as little HCl as possible, and add H^SO^ to precipitate all Sr and 
some Ca. In the filtrate make tests for Ca. 

Separation of Baryta from Lime. R. Fresenius (Z/j. Anal. Ckem,^ 
XXX., 18). In a solution somewhat acid with acetic, alkaline chromate 
sej)arates the Ba with fair accuracy. By double precipitation, — resqlu- 
tion in nitric acid, dilution, adding ammonium acetate and then chro- 
mate, filtering, etc., very exact results were obtained. The hydro-fluo- 
silicic acid separation of Ba gave results a little too high. By a modi- 
fication of the same, which the author calls the ** combined method," 
correct results were attainable. 

Ferro- Aluminum and Aluminum Steel, Ziegler {DitigL Polyt,, cclxxxv., 
526). Of the finely-divided sample, 0.5 to i gm. is fused with NaHSO^. 
After extracting with hot water (and testing the residue with HFl to be 
sure of complete decomposition), washing finally with weak HCl (i per 
cent.), the iron is reduced with hypophosphite and the alumina precipi- 
tate by ZnO. After filtration, the precipitate is dissolved in HCl, pre- 
cipitated with ammonik, and this again redissolved and reprecipitated. 
It may be advisable to fuse this precipitate with Na,C03, and in the 
water solution from this fusion, to precipitate the Al by CO2, dissolve 
in HCl and reprecipitate with ammonia. 

Estimating Copper as Cuprous Sulphide Uhl {Berichtey xxiii., 215 1) 
finds that on igniting CuS, mixed with S in a Rose crucible in a current 
of H, gives more or less metallic copper, and hence^ estimations made in 
this way give incorrect results. 

Antimony in Alloys, Von Bylert {Berichte, xxiii., 2968). A three- 
necked Woulff bottle is used. To one neck is attached a QO^ apparatus, 
that the operation may be conducted in a non-oxydizing atmosphere. 
To another is attached a CaCl, tube, and the hard glass tube, as in the 
Marsh apparatus. The centre neck is provided with two tubes, one for 
the introduction of the material, the other for H^SO^. 

O. 5 gm of the alloy is dissolved in 20 cc. of mercury and intro- 
duced. Then 100 cc. of HjSO^ (i-^o) is run in, tUe air present is ex- 
pelled by COj and the Marsh tube heated to redness. Then sodium 
amalgam (5.5 grammes Na in 25 cc. Hg) is run in. The evolution of H 
and SbHj is encouraged by a shaking and warming. 

The Sb which collects in the Marsh tube is finally weighed as such. 

Determination of Tin and Antimony. Warren {Chem, News^ Ixii., 
216). The material (slag, ore, etc.), in powder, is fused with ten times 
its weight of Na,COg and one of borax. The melt after cooling is dis- 
solved in HCl. After making up to a known bulk, an aliquot portion 
VOL XII. — 12 
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is drawn off, precipitated with H^S, and the sulphides treated with strong 
NaOH solution. This solution is divided into equal portions. In one, 
Sb is separated by Clarke's oxalic acid method, and finally weighed as 
SbjO^. In the other the sulphides are precipitated, converted to Sb,0^ 
-f SnOj and weighed. The difference gives SnO,. 

Distinguishing As andSb Spots (Marsh test). Den iges ( Compres Rend. , 
cxi., 824). Dissolve in a few drops of HNO,, heat and add a little niolyb- 
date solution. After a short time arsenio-inolybdate crystals separate, 
readily recognized by their insolubility in nitric acid, their color and 
their stellate grouping when examined by , the microscope. 

Delicate Reaction/or Arsenic. Fluckiger {Arch. Pharm., ccxxvii., i). 
AsH,, evolved as in the Marsh apparatus, when brought in contact with 
a paper moistened with concentrated AgNO, solution, colors the spot 
yellow, from formation of AggAs.AgNO,, turning black by addition of 
water. PH, gives a yellow spot of similar composition and reaction. 
HjS also gives a yellow spot, which is, however, not changed by water. 
SbHj gives a substance similar in composition, AgjSbjAgNOj. The spot 
is usually white or light-gray in the centre; and black on the edges only. 
On addition of water or ammonia, it becomes black. The reaction will 
detect 0.005 MgAs if the evolution of gas is not too rapid. Twice 
that amount is stated to be the limit of delicacy of the Marsh test. For 
evolving hydrogen, sodium amalgam is preferred. The author found 
that commercial magnesium contains arsenic. 

Volumetric for Tellurium. Brauner (Proc. Lond. Chem. Soc, Dec, 
1890.) The tellurium compound, which should contain the — ous 
form, is digested with HCl and SnCl^, and the excess of the latter then 
determined by iodine and thio sulphate. The reaction is TeCl^ -|- 2Sn 
Clj= 2SnCl^ -f Te. 

Another method involving the oxidation of tellurous to telluric oxide 
by standard dichromate, and subsequent titration of the excess of di- 
chromate by ammonium ferrous sulphate, was found to be less satisfac- 
tory. 

Detection of the Halogens. Deniges {Bull. Soc. Chim. [3] iv., 481.) 
If a rod moistened with caustic potash or soda is brought in contact 
with gaseous CI, Br or I, and is then dipped into an aqueous solution of 
aniline, colors are developed — canary-yellow with I, orange-yellow with 
Br, and violet with CI. I interferes with the test for Br, the colors 
being so nearly alike, and both I and Br mask or prevent the CI reac- 
tion. I may be drtected by adding to the liquid (about i cc.) 20 or 30 
drops cone. H^SO^, followed by solution of K^CrO^ and testing the 
vapors with, starch paper. On boiling and blowing out the vapors, the 
aniline test for Br may be applied, and after removing that by boiling 
and blowing out, some permanganate solution may be added, and the 
aniline test for CI applied. 

Determining Iodine. Lebeau (C Rend., ex., 520). In a flask of about 
200 cc. are placed 30 or 40 cc. CS,, an equal bulk of distilled water 
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and a known volume of the solution to be examined. A few drops of 
indigo solution are then added, and standard bromine water run in 
from a bottle, the mixture being stirred. The iodine set free dissolves 
in the CSj,. As soon as the iodide is all decomposed, the excess of Br 
bleaches the indigo. The bromine water requires standardizing fre- 
quently. 

Sulphur in Commercial Copper. Phillips {Chem, NewSy Ixii., 239). 
Ten gms. are di^olved in pyre strong HNO,, the solution evaporated 
to dryness, taken up with moderately dilute HNO, and filtered if nec- 
essary. After dilution to 800 c.c, the solution is warmed to 70° C, a 
little HCl added, and after stirring allowed to stand in a dark place to 
deposit AgCl. After filtration, the solution is evaporated twice or more 
with HCl to remove HNO,; and finally, in a bulk of about 700 c.c. 
not very strongly acid with HCl, BaCl, is added to the hot solution, 
which, after stirring, is allowed to stand for twenty-four hours. 

Sulphur in Gas, llosvay {Bull, Soc. Chim,, [3] iv., 714). An in- 
complete combustion of illuminating gas converts to H^S the sulphur 
previously existing therein in some other combination. The same 
change occurs if the gas is passed through a tube containing asbestos 
and heated to 355-360° C. (dull red). 

Paper impregnated with lead acetate, if placed in a tube connected 
with that containing asbestos, shows the reaction promptly. It is best 
to interpose between the two, a washing-bottle with a plug of cotton at 
the exit. 

Silicon in Iron, Clerc (Z/j. Angew, Chem.^ 1890, 49) warms i gm. 
of the iron with 15 to 20 c.c. water, 8 c.c. Br. and 75 c.c. HCl. After 
solution is effected, he dilutes with 200 to 300,0.0. of hot water, filters, 
washes and weighs. 

Determining Silica in Silicates. Gilbert {TechnoL Quarterly, iii., 61). 
In slags, etc., after fusion with alkaline carbonates, dissolving in HCl 
and evaporating when much CaO and little MgO was present, the heat 
of the water-bath was sufficient to separate SiO, completely. Heating 
to higher temperatures tended to give higher results on account of ad- 
hering impurities. In presence of MgO, 120° C. was found to be the 
best temperature for drying, bases being partially retained by the silica 
at higher temperatures. CaO seemed to have but little tendency to 
combine with the SiO, during the drying, whereas, MgO tended to do 
so readily. 

Carbon in Iron and Steel Langley (Am, Inst, Min, Eng., Pittsburgh 
Meetingy October, 1890). It has been proposed to prepare a set of 
samples of steel, which should be analyzed with extreme care, which 
might serve as standards to which scientific and commercial analysis of 
iron and steel could be subsequently referred. Previous to work upon 
the "International Standards,*' it was deemed best, by the American 
Committee, to make some experiments with materials called for con- 
venience ** experimental standards." The results thus far reported (in- 
formally) as to carbon determinations are in effect that combustion in 
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a stream of purified oxygen with suitable precautions is sensibly accurate. 
If the carbon contains CI, the combustion tube should contain a coil of 
metallic silver, and a solution of silver (preferably Ag,SOj is essential 
in the purifying train. The chromic acid method will burn all the 
carbon. If CI is present, some deoxydant (Pyro. with K,C,OJ is nec- 
essary in the purifying train, otherwise much CI may pass through an 
AgjSO^ sohition in a combination not capable of being absorbed. The 
AgjSO^ solution should be placed a/?^rthe deoxidizing tube. The use 
of a little HCl together with the ammonium copper chloride, gives 
higher results than when a neutral solution is employed for dissolving 
the iron. It seems probable that the most, if not all, of the ammonium 
copper chloride used, contains carbon in some form. Repeated recrys- 
tallization seems to remove some, but it is uncertain whether all is re- 
moved. Drying the carbon at temperatures above ioo° C- causes^ 
lois of C. 

Nitrogen by Soda Lime Combustion, Berthelot {^BulL Soc, Chim, [3], 
iv.). By conducting the combustion in a current of purified hydrogen, 
the destruction of ammonia, by oxidation from the air in the tube, or 
manganates in the soda-lime, is avoided. 

Nitrates or Chlorates by lodometry, DeKoninck and Nihoul {Zts, 
Angew, Chem.y 1890, 477). Air being excluded by a stream of CO,, 
HCl gas is passed into the solution, which causes an evolution of chlorine, 
3HCI + HN03= NO + 2H,0 + 3CI or 6HC1 -f KC103 = KC1 + 
3H,0 + 6C1. The chlorine evolved is passed into solution of KI and 
the iodine titrated. 

Quantitative for Nitrates in Water, Thresh {Chem, News^ Ixii., 203) 
revives the use of KI and starch for this purpose. The solutions used 
are: 

1. Starch and Iodide, — Starch 0.2 gm. difi'used in 10 c.c. water, then 
add I gm. KOH ; dissolve without heat, add 2 gms. KI and dilute with 
water to 200 c.c. 

2. Dilute Sulphuric Acid. — One volume H,SO^ to three volumes 
water. 

3. Sodium Nitrite, — 0.493 gm. in i litre of water, i c.c. = o.i ragN. 
Shake some of the water in a fiask so as to saturate it with air, pour 

50 c.c. into a Nessler cylinder and add i c.c. each of solutions i and 2. 
If a blue color develops instantly, the water contains over one part per 
million of nitrous nitrogen and must be diluted. If it requires a few 
seconds to develop the color it contains less. By diluting measured 
quantities of No. 3 (diluted ten times) to known bulks, a series of com- 
parison colors can be obtained ; these should contain 0.05 to o.i nitrous 
nitrogen in 50 c.c. Ten or fifteen seconds is sufficient for the develop- 
ment of the color. Water free from nitrites and shaken with air must, 
of course be used in the dilutions. 

Mineralogy, by A. J. Moses. 
Anthochroite and Violan. 

Schluttig's analysis of violan is substantially identical with that ot 
Igelstrom's anthochroite, and, in spite of certain optical differences^ 
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Igelstrom claims their identity to be established, and that the name antho- 
chroite should have the preference. — Neues Jahrb,^ 1890, Bd. ii., 270. 

Anthophyllite. 

Found at Jenks Corundum Mine, Franklin, Macon county, N. C, 
in'verv pure state, as fine, lustrous, transparent crystals of a delicate 
clove- brown color, imbedded in green foliated penninite. — Amer.Journ, 
Sci\, xl., 394. 

AURICHALCITE. 

Penfield concludes, from examination of pure material from Beaver 
county, Utah, that the formula of Bottger, 2RCOj,,3R(OH)j, in which 
R=a Zn aitd Cu, is correct. — Amer. Joum, Sd., xli., 106. 

Calcite. 

Sanson i describes the crystallization of calcites from several locali- 
ties in Norway and Sweden. — Giornale di Mineralogia^ vol. i., pp. 129 

G. Cesara describes crystallization of calcite of Rhisnes. — Giornale 
di Miner, , vol. i . , p. 171. 

L. V. Pirsson describes remarkable crystals from Guanajuato, Mexico. 
— Amer, /aurn. Sa',, xli., 61. 

Castanite, Darapsky, Fe^S^O^, %H^0, Monoclinic, 

Another oxysulphate of iron from Chili, closely related to amaran- 
tite and hohmannite, is described as follows: 

Occurs in coarse prismatic crystals, rarely with distinct faces, upon 
olive-green copiapite, associated with hohmannite and amarantite, Hsa 
3; G= 2.18; lustre, vitreous; color, chestnut- brown; streak, orange; 
Translucent; practically insoluble in water; with difficulty soluble in 
HCl ; unalterable in the air or under dessicator. Named from Kastanie, 
chestnut. — Neues Jahrb,^ 1890, Bd. li., 267. 

CoLUMBiTE of Black Hills, Dakota. — Amer, Journ, Sci., xli., 89. 

Cryoconite {So-called " Cosmical Dust * '). 

This name was given by Nordenskiold to the transparent grains of 
the powder which he found covering the surface of land-ice in Green- 
land. The crystalline form of these was said to be monoclinic, and the 
formula 2RSi,0,. Al,SigOg + H,0. Later v. Lasaulx found the material 
to be essentially a gneiss, and to consist principally of quartz and mica, 
with also feldspar, hornblende, magnetite and garnet. E, A. Wiilfing 
now states that the mixture is mainly feldspar, quartz, mica and horn- 
blende ; that feldspar is the chief constituent, then quartz up to 15 per 
cent., then much smaller amounts of hornblende and mica. Accessories 
are, rhombic pyroxene, magnesian garnet, zircon, and magnetite. The 
intermixed organic material, which is sometimes 5 per cent, of the en- 
tire powder, contains nitrogen and a slight amount of humic acid. — 
Neues Jahrb,y 1890, Beilage vii., 153. 
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Dysanalyte, 

Analysis of so-called perofskite of Magnet Cove, Arkansas, by F. 
W. Mar, show nearly lo per cent, of Nb,Oj, Ta^Oj, and necessitate the 
classing of the mineral with Knop*s dysanalyte. — Amer, Joum, Sci,^ xl., 

403- 

EUCOLITE. 

According to Brogger, all those crystals which have the form of 
eudialyte and essentially its composition, but show negative double 
refraction in place oi positive are " to be considered eucolite.*' It 
appears, that the yellowish-brown crystals of Magnet Cove, Ark., are to 
be classed under this head. — J. F. Williams in Amer. Journ, Sci., xl., 457. 

FowLERiTE {Rhodonite\ 

L. V. Pirsson publishes results of crystallographic and chemical ex- 
amination of the zinciferous rhodonite ; the results do not show any 
definite ratio between the isomorphous bases present, or any marked 
deviation in crystal angles from the normal type. — Amer. Journ. Sa\, 
xl., 484. 

Hauerite. 

The new find of this rare manganese sulphide, at Raddusa, Sicily, is 
described by E. Scacchi, in Giornale di Mineralagia^ vol. i., pp. 187-189. 

Heintzite and Hintzeite. 

Independently, certain crystals occurring in lumps of pinnoite from 
the vicinity of Stassfurt, are described under these names. The differ- 
ences may be judged from the following summaries : 

Heintzite. Luedecke, H^KMg^B^^O.^. Monoclinic, 

In gypsum-like crystals, ^5= 57°4i', a : b :c : : 1.2912:1:1.7572, 
H = 4. G =2.129. Clear and transparent. Melts very easily, coloring 
the flame green. Easily soluble in HCl or HNO,. Analysis shows : 
B,Os, 60.53 \ MgO, 12.23 ; K2O, 7.39 ; H2O. 19.85. 

Named after Herr Heintz, a chemist of Halle. — Zeit,/. Kryst, xviii., 
481. 

Hintzeite. L. Milch, H^Mg^Ki^BO^^ + (^H^O. Monoclinic. 

In monoclinic crystals, a: b: c = 2.i937 : i : 1.73385, /9 = 80*^12', H 
= 4.5, G = 2.127. Colorless or cloudy white. Fuses easily to white 
enamel. Easily soluble in HCl. Analysis shows: 6,03,52.39; MgO, 
13.80 ; K,0, 8.14 ; H,0, 23.83 ; Na^O, 0.39 ; CI, 0.35. 

Named after Professor Hintze, of Breslau. — Zeit.f. Kryst, , xviii., 478. 

Hematite. 

The grains of the Clinton oolitic iron -ore, instead of being spherical 
concretions y are found, by A. F. Foerste, to frequently show the structure 
of bryozoans and fragmental remains of the same, and to vary in size 
and shape with the character of the species from which they are formed. 
Generally, the iron has replace the substance of the bryozoan, and also 
the cement which binds the grains together. In some cases, the lime- 
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cement has been but slightly altered; at other times, the lime of the 
bryozoans is little altered, while the lime of the cement which filled the 
cells is replaced by the iron-ore. — Amer. Journ, Sci.^ xli., 28. 

Crystallization of Hematite of Stromboli, described by G. Striiver. — 
Giorn. at Mineral,^ vol., p. 159. 

Leadhillite. 

The crystallization of Sardinian leadhillite is elaborately described, 
and illustrated, with numerous references, by E. Artini, in GiornaU di 
Mineralogia^ vol. i., pp. 1-29. 

Leverrierite.* 

M. Termier further describes the mineral and gives as the formula, 
Hj^AI^SijO^p not far from pholerite. — BulL Soc, Franc. Min., xiii., 325. 

Manganpectolite. /, F, Williams. {^-^Ca^ Mn)NaHSi^Oy Mono- 
clinic. 

This name has been given to a new zeolite, evidently a decompo- 
sition product of -^girite and the other manganiferous minerals of the 
elaeolitic syenite of Magnet Cove, Arkansas. 

It occurs in tabular crystals, the largest of which are 20 x 10 x 6 mm. 
in size, which show the three pinacoids and a dome, a : b : c : : 1.0731 : 
1:0.4840. There is an easy cleavage parallel to the base. H = 5; 
G= 2.845. Lustre, pearly to silky on cleavage; transparent, but with 
outer crust of brown, opaque material. Before the blowpipe the powder 
becomes rose-red, then melts with difficulty to a rose-red glass. Soluble 
easily in HCl, but, after fusion, soluble only slowly with a residue of pul- 
verulent silica. 

Analysis shows: Si02, 5 "^.03 ; Fe»Oj, o 10 ; CaO, 30.28 ; MnO, 4.25 ; 
Na^O, 8.99 ; H,0, 2.43 ; COi, 0.82. 

Is separated from pectolite chiefly by the manganese contained. Hence 
the name. — Zeit. f.Kryst.^ xviii., 386. 

Melanophlogite. SO„2oSi02. 

M. G. Friedel has made a careful re-examination of this interesting 
mineral, and his conclusions differ decidedly from those of Mallard, 
Pisani and others. 

Chemically, he states it to be a true combination of sulphuric anhy- 
dride and silica, in the proportion SO3. 2oSiOi. 

Crystallographically, he finds it to be a special case of pseudo-sym- 
metry, and not to be pseudo-morphic. The more perfect cubes show, 
in natural light, an infinitude of concentric cubic zones of growth, and 
the cubic diagonals are clearly marked ; under polarized light the diag- 
onals are more clearly marked, dividing the cube into six quadratic pyr- 
amids, which converge towards the centre of the cube and have the faces 
of the cubes for bases. Each cube face is found to be two planes inter- 
secting in a diagonal, and making an angle of 178.48 with each other. 
The pyramids are doubly refracting, the sign of each being positive 
with reference to the particular cube axis traversing the pyramid. No 

* See this Journal, vol. xii., p. 70. 
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cubic cleavage was observed. Finally, the fibres noticed by M. Mallard 
in the spherical groups are each divided, under polarized light, into two 
fibres of different colors, showing them to be only the intersection of 
the numerous crystals possessing a common centre. — BuiL Soc, Franc. 
Min,^ xiii., 356, 

PiNAKiOLiTE, FUnk {MgO\.B^O^,MnO.Mnfiy Orthorhombic. 

A mineral related crystallographically and chemically to ludwigite 
has been found at Langban, Sweden, in thin parallel stripes and bands 
in granular dolomite, associated with hausmannite, tephroite, mangan- 
ophyllite, berzelute, etc. 

It occurs in minute tabular crystals, usually very much broken, 
which show only 00 f 00 and 00 P3, and in crystals twinned parallel to 
a dome. The ratio a : b : c ; 0.83385 : i : 0.5880 is calculated. Cleavage 
is parallel to oof 00. H. = 6; G== 3.881; lustre, strongly metallic, 
dull on prism, bright on pinacoid ; color, pure black ; streak, brownish- 
gray. 

Before the blowpipe the powder becomes black and melts with diffi- 
culty to a black non-magnetic slag. Soluble in HCl with evolution of 
CI. Analysis shows : 6^03,15.65; MgO, 28.58; MUjO^, 49.39 ; FejO^, 
2.07; CaO, 1.09; PbO, 0.76; SiOj, 1.21; H^O, 0.47. 

Named from Tzivdj^iou, a little table. — Zeit,/. Kryst., xviii., 361. 

PowELLiTE,* W. If. Melville, Ca{Mo, IV. ) O^. Tetragonal. 

Found at Peacock claim, ** Seven Devils/' Idaho, associated with 
massive lime garnet and bornite. 

Crystals pyramidal, showing base and sometimes the prism, a : c = i : 
1-5445. Ii^ habit closely allied to scheelite. 11 = 3.5; G= 4.526; 
lustre, resinous; color, greenish yellow; semi-transparent; brittle. 

Fuses with difficulty to a gray mass ; is decomposed by HCl or HNO,. 
Analysis showed M0O3, 58.58; WO„ 10.28; CaO, 25.55 ; SiOjj, 3.25 ; 
Fe^Oj, 1.65, etc. 

Named after Major J. W. Powell, Director of U. S. Geological 
Survey. — Amer. Journ. Set'., xli., 138. 

Pyrite. 

Crystals from three Italian localities, illustrated and described by 
G. Boeris. — Giorn. di Mineral., vol. i., 103-107. 

Realgar and Orpiment. 

Occurrence at Teste, Mt. Amiata, recorded by G. Grattarola, in 
Giornale di Mineralogia, vol. i., 232. 

Sanguinite, Miers. 

A probable hexagonal sulpharsenite of silver allied to proustite, but 
occurring upon the argentite of Chaiiarcillo, in fine glittering scales or 
plates of a dark bronze-red color, resembling the pyrrhosiderite of 
Siegen. 

Lustre, like earthy hematite; color, bronze-red by reflected light, 



* See Scheelite, 
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blood-red by transmitted light; streak, dark purplish-brown. — Min. 
Mag.y ix., 182. 

SCHEELITE. 

In connection with the new species, powellite, is to be noticed the 
analyses of H. Traube, in which molybdic acid is found in Scheelite, 
replacing the tungstic acid. 

Zinnwald, Saxony, i CaMoO^ with 8, 20 and 40 CaWO^ 
Altenberg, i CaMoO, ** 40 CaWO, 

Pot Mine, S. Africa, i CaMoO, " 8 CaWO, 
Other localities showed small amounts of molybdate. — Neues Jahrb.^ 
190, BeilagCy vii., 232. 

Tantalite, of Black Hills, Dakota. — Am. Journ, Sa\, xli., 98. 

Trimerite, J^/inJ^, Be(^Mn,Ca,Fe,Mg)SiO^, Tridinic, 

There has been found at the Harstig mine, Wermland, Sweden, in 
searching for friedelite, a mineral occurring under very similar condi- 
tions, and in otie case associated with the friedelite. The author states 
that he at first mistook the mineral for large light-colored crystals of 
friedelite. 

Trimerite is found enclosed in later-formed calcite crystals, upon 
a granular mass of magnetite, pyroxene, garnet, etc., and immediately 
surrounded by hair-like grammatite. The crystals are small and pseudo- 
hexagonal, somewhat resembling willemite in form, but optically are 
found to consist of three triclinic individuals, whence the name, from 
TpiiispijS, divided in three. Cleavage parallel to base. 

H = 6 — 7 ; G = 3.474 ; lustre, bright vitreous ; color, salmon or pale 
yellowish-red to colorless; not usually perfectly transparent; fracture, 
conchoidal. Before the blowpipe, fuses with difficulty to a dark slag. 
Is decomposed by HCl, with separation of flocculent silica. Analysis 
shows: SiO^, 39.77; BeO, 17.08 ; MnO, 26.86; FeO,3.87; CaO, 12.44; 
MgO, 0.61. — Zeit. f, KrysL , xvi i i . , 3 65 . 

Uraninite. 

Dr. W. F. Hillebrand, from chemical examination of the uraninite 
of several localities, reaches the conclusions: that nitrogen exists in an 
unknown condition in uraninite in quantities up to over 2.5 per cent., 
and seems to bear a relation to the amount of UO, present ; that the 
uraninite of different localities differ widely in composition and physical 
characteristics, and that the formulae of Comstock and Brogger are in- 
applicable to such varieties as Broggerite, Cleveite and Nivenite. — Amen 
Journ. Sci., xl., 384. 

Apparatus. 

Bartalini and Grattarola describe with illustrations convenient 
modifications of laboratory apparatus for measurement of indices of 
refraction, measurement of angles, polarization, specific gravity, con- 
ductivity of heat, etc. — Giornale di Miner alogia^ vol. i., 1 13-128. 



174 THE QUARTERLY. 



BOOK REVIEWS. 



Sugar Analysis. For Refineries, Sugar Houses, Experimental Stations, etc^ and 
as a Handbook of Instruction in Schools of Chemical Technology. By F. G. 
Wiechmann, Ph. D. New York, 1890. 

The author's position as instructor in chemical philosophy at the 
School of Mines and his wide experience as chemist to several of our 
most advanced sugar refineries have admirably combined to enable him 
to lay before his readers a work of marked value and clearness, of great 
use to students and chemists interested in the many branches of sugar 
analysis. Clearness and brevity mark the book, while its arrangement 
of subject-matter is most rational and convenient. Starting with the 
various instruments used, the polariscope is considered from both theo- 
retical and practical standpoints, cuts being given representing the 
optical parts of the Soleil-Ventzke-Scheibler color instrument and of the 
Schmidt and Haensch half-shade instrument with double wedge com- 
pensators. The directions for testing and 'adjusting polariscopes, a 
matter of paramount importance, are clearly given. 

Hydrometers of the varieties used receive minute attention, with in- 
formation as to their manner of graduation, limits of error and the prin- 
ciples involved in their use. The directions for graduation of flasks in 
true and in Mohr cubic centimetres deserve close attention^ as errors are 
so apt to creep in just here. 

Next we find described the manner of sampling molasses and syrups 
as done for the refinery and for the government, and the method of 
determining the colors of sugars and the colors and densities of solu- 
tions. 

The determination of sucrose when unaccompanied by other optically 
active bodies, is a simple matter, and the methods, with all necessary 
precautions, are concisely given, including what is so important in re- 
fineries — the quotient of purity or exponent of liquors, syrups, sweet- 
waters, etc. Of the different methods, Cassamajor's is that almost ex- 
clusively employed. A table is given of factors, corresponding to 
different degrees of density of sugar solutions, by which the polarization 
is to be multiplied to give the exponent. 

In a refinery laboratory, it is well to have also a table of products of 
factors corresponding to the different degrees and tenths of density by 
the possible degrees and tenths of polarization, so that the exponents 
may be found at once without calculation. 

The gravimetric determination of sucrose is accompanied by a table 
rendering calculation very simple. 

The determination of different optically active substances when occur- 
ring together is more difficult and is considered in several chapters, 
which are replete with the latest and best methods, containing evidences 
of much good work by the author. In Clerget's method of inversion 
and polarizing, the constant 142.66 is used for the calculation in lieu of 
the old constant 144. In this method the direct as well as the indirect 
polarization should be made at 20° C. to secure the best results. 

The interesting question of Raffinose receives merited attention. 
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formulas being given for calculating its percentage, as well as examples 
and a valuable list of references. Optical and gravimetric methods for 
mixtures of sucrose and dextrose and of sucrose, dextrose and laevulose 
are accompanied by important researches by the authur, already pub- 
lished in the School of Mines Quarterly, April, 1890. The latter 
methods will find more frequent applications in scientific than in tech- 
nical laboratories. 

Invert sugar is considered separately. The success of this determina- 
tion depends so much on an exact observance of minutiae that one is 
pleased to find the details of Fehling's method carefully presented. 

A long description of the gravimetric method is given, with examples, 
accompanied by a table of factors to be used, as the proportion of Cu,0, 
precipitated by the invert sugar, depends upon the ratio of sucrose to 
invert sugar in the solution. 

A method for invert sugar in presence of other reducing bodies is an 
important item. 

The preparation and use of Soldaini's solution are described, though 
this reagent has not met with general favor. 

The author recommends drying sugars in vacuo to save time. 

The usual deduction of one-tenth from the weight of the sulphated 
ash is incorrect when applied to cane sugars, as the author has shown, 
but this is an empirical method which must be adhered to for the present. 
In the discussion of organic non-sugar, extensive schemes are given 
for the separation of the many organic acids which may occur in sugars. 

A subject which will be of especial interest to refiners is that of the 
conclusions to be deduced from the analysis of molasses. A list is given 
of the methods of calculating the rendment, from the analysis, used in 
different countries. ^ 

The author presents a full table of synonymous names in English, 
French and German of the different sugars and a long list of monographs 
on, and periodicals relating to, sugar. 

The volume closes with a collection of nineteen tables for use in 
facilitating calculations in sugar analysis, and providing much valuable 
information pertinent to the subject. They are quite a feature of the 
book, and will prove a great attraction to chemists busied in this de- 
partment. 

The whole work is characterized by clearness, and nearly every prin- 
ciple is illustrated by an example fully explanatory. The use of the 
word *' sucrose " to designate the ordinary cane sugar is very good, as 
all ambiguity of terms is thus avoided. 

One is led to regret that no mention is made of bone-black nor cer- 
tain laboratory tests on char washings, etc. But the book has purposely 
been kept small, and it certainly is an admirable treatise, to be highly 
recommended to refiners, chemists, students and all who are interested 
in the analysis of sugar. 

W. D. HORNE. 
New Brunswick, N. J., Dec. i, 1890. 
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Department of Mineralogy and Metallurgy. 

Since the last Bulletin, 300 specimens have been added to the mineral 
collection of the school. A number of beautiful specimens of chalco- 
trichite from Arizona have been received and exchanged. Five beautiful 
specimens, illustrating nearly all the forms of hauerite, have been 
received. A number of application-goniometers have also been pur- 
chased, and a large goniometer has been received, which, it is hoped, 
will be presented to the school. 

With the exception of a very valuable specimen of crystallized argen- 
tite presented by Mr. Robert Mulford, of the Class of '84, there have 
been no presentations to the collection nor additions made. to it from 
graduates. It is hoped that they will in the future be interested in col- 
lecting crystallized specimens to present to the collection. Some very 
valuable additions have been made by presentation from graduates in 
the past, and it is hoped that it will be continued. 

The Catalogue of Mineral Synomyms prepared under the direction of 
Dr. Egleston and printed by the United States National Museum has 
been very favorably received. The following is from Bulletin de la So- 
cieti Francaise de Afmeralogie, December, 1890, vol. xiii., p. 404 r 

" This very complete catalogue, of 198 octavo pages in two volumes, 
gives the list of all the mineral pieces (in capitals, doubtful species in 
italics), with their synomyms (in •rdinary type). Each species is followed 
by its chemical formula and the name of its crystalline system. Most of 
the species are followed by the indication of the author who created the 
name cited. It is to be regretted that the author has left this portion of 
his work incomplete. This dictionary will render great service to all those 
who have the handling of great mineral collections." 

Metallurgy. — 193 specimens have been added to the metallurgical 
collections, a few of which await labelling. For the investigations upon 
slags which are going on, boxes have been received from Mr. Austin, 
of the Class of 1876, and from Professor Pearce, of the Boston and 
Colorado Works. Also slags from Laurel Hill, sent by Mr. Ferguson, 
of the Class of 1887. The Tiffany collection has been enlarged by the 
presentation often specimens illustrating all the stages of the manufacture 
of spoons; eight specimens representing the manufacture of hollow ves- 
sels by hammering, and eight others representing the same manufacture 
by spinning. The whole collection now makes a beautiful suite. The 
collection of refractory materials of Joseph Dixon & Co. has been com- 
pleted, and specimens of magnesite from Eubea have also been received. 
The Pelton Company, of San Francisco, have sent a two-foot Pelton 
wheel with a ^, 5^ and J^ nozzle, in full working order. Eighty 
diagrams of recently-constructed furnaces have been added to the col- 
lection of diagrams. Considerable investigation work is being done in 
the laboratory at the present time. 
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Department of Mechanics. 

Dr. M. I. Pupin, Instructor of Mathematical Physics in the Depart- 
ment of Electrical Engineering, announces the following course of Uni- 
versity Lectures " On the Principle of Conservation of Energy and its 
Application in Physics and Chemistry:" — 

• 

I. Introduction. 
A. On the Simplest Phenomena, 

(i\ Motion of a material particle. The simplest accidents {vide 
Rankine, for the definition of the term ** accidents ") of a material 
particle, viz. : mass, velocity, momentum, acceleration, weight, vis viva^ 
work. The absolute or mass-system, and its relation to the practical ox 
weight-system of physical measurements. 

(2) Motion of a connected system of material particles and rigid 
bodies whose condition is completely defined by masses, space co-or- 
dinates and their differential coefficients with respect to time. (The 
chief aim of these considerations is to sketch briefly the historical de- 
velopment of Mechanics during the interval between Newton's announce- 
ment of the Three Laws of Motion and the discovery of D'Alembert's 
principle.) D*Alembert's principle and its relation to the complete 
demonstration of the ^^ Principle of Conservation of Vis Viva'^ La- 
grange's introduction of generalized space co-ordinates into the theory 
of motion of material systems. Lagrange's, Hamilton's and Jacoby's 
\ General Dynamical Principles. (A detailed discussion of these prin- 

ciples is given, because it is through these principles and the principle 
of conservation of energy that the application of Dynamics to Physics 
and Chemistry is made possible.) On the monocyclic material systems 
of Helmholtz. 

II. On Complex Physical Phenomena, — On material systems whose 
condition cannot be completely defined by mass, space co-ordinates, 
and their differential coefficients. On th^ general accidents or proper- 
ties of matter and the possibility of their quantitative measurement. 
On Energy, or the most complex accident of a material body. On the 
convertibility of energy and the possibility of a definition of energy 
based on the principle of its convertibility. 

B. On the Principle of Conservation of Energy, 

III. Historical Development of the Principle of Conservation of 
Energy, especially its connection with the historical development of 
Thermodynamics. (A short review of the labors of Carnot, Joule, 
Colding, Robert Meyer, Helmholtz, Rankine, Thomson, Clausius, Hirn, 
etc.) A detailed review of Helmholtz's Essay : **0n the Conservation 
of Energy." 

IV. Formulation of the Principle and a Review of the Lines of Argu- 
ment which prove it, 

V. On tne Various Forms of Energy, viz. : — Mechanical, thermal, 
electrostatic, magnetic, electromagnetic, chemical and luminous energy. 
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meters etc., in all valued at about $20,000. These gifts he has now supple- 
mented by turning over to the College all his original photographs of 
the moon, the sun and star clusters, with many volumes of measures 
made on the last. This collection of negatives numbers some 1600, 
many of which have not been measured. President Low has had shelves 
fixed in the fire-proof vault of Hamilton Hall, whereon to store these 
valuable photographs. 

Unfortunately for science the plates and measures, though made 
twenty years ago, have been only partially reduced. Dr. B. A. Gould, 
in 1866 and 1870, read papers before the National Academy of Sciences 
on his reduction of the measures made in 1866-67 on the Pleiades and 
the cluster in Praesepe. He then showed that the photographic measures 
gave very valuable results. Dr. Gould's memoirs, however, were not 
printed until quite recently. The photographs made by Mr. Ruther- 
ford subsequent to 1868 were taken with his 13-inch object-glass and 
corrector (now in the College observatory), and the plates have been 
measured since 1872 with his improved micrometer, where 2. glass scale 
was employed, so that the micrometer screw had to be depended upon 
only for a distance less than ten revolutions. 

None of the later measures have been reduced. The measures have 
been placed in the hands of Prof. Rees and Mr. Harold Jacoby, of the 
Observatory. Prof. Holden, director of the Lick Observatory, writes 
Prof. Rees : "I am very much pleased to know, from your letter of De- 
cember 13th, that you have Dr. Rutherford's original negatives, and 
better than this, that you are reducing them. I shall put his objects on 
our observing list (that is, most of them), and duplicate his work, and 
your reductions and ours will be a valuable gift to the photography of 
clusters and of doubles.** 

In the Monthly Notices of the Royal Astronomical Society of 
London for December, 1890, appears a paper by Harold Jacoby **0n 
the Correction of Micrometric Observations for Refraction." 

This paper is one of the results of Mr. Jacoby's stay in Cape Town. 
The Royal Observatory at Cape Town has published the tables computed 
by the formulae derived from the paper named above. 

Mr. Jacoby has published, in No. 233 of the Astronomical Journal^ 
a paper " On the Reduction of Astronomical Photographic Measures." 

Observations were made with the 13-inch refractor on the faint comet 
e 1890 (Zona), by Prof. Rees and Mr. Jacoby. The results were pub- 
lished in the Astronomical Journal^ and used in the calculation of the 
comet's orbit. 

The equatorial is to be supplied with a new eye-piece by Alvan Clark 
& Sons, arranged with ring micrometer for comet work especially. 
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ON THE GENESIS OF ORE-DEPOSITS. 

By W. H. von STREERUWITZ. 

(Geological Survey of Texas.) 

It is a fact, well known among mining men that the " Gossan " of 
the Cornish, like the " Eiserner Hut" of the Germans, the " Pacos " 
and "Colorados" of the South American miner, in short iron out- 
crops and outblows may be regarded as very promising indica- 
tions of leads, not only of ferruginous leads, but of ore-bearing 
leads in general. 

As a rule, especially in igneous and metamorphic rocks of a 
siliceous character, these outcrops consist of iron-silicates, either 
fresh or in various stages of decomposition, and their surfaces 
frequently exhibit no trace of any other metal but iron ; this bar- 
renness even prevailing to considerable depths. 

Now why is it that these outcrops are almost invariably com- 
posed of more or less altered iron-silicates (whether resulting from 
the decomposition of iron pyrites or otherwise) and why is it that, 

although devoid of other metals on or near the surface, they gener- 

» 

ally carry such at greater depths ? 

If we assume that a magma composed of metallic and non- 
metallic 'constituents rose up in a molten condition, or was driven 
into fissures and crevices from below, we might well conceive that 

the more volatile metals evaporated or were eliminated by combus- 
voL XII.— 13 



i84 THE QUARTERLY. 

begins to grow in thin, at first nearly colorless, threads, resem- 
bling somewhat the growth of algae in stagnant water. These 
threads, when reaching the surface of the liquid, begin to oxidize 
and spread, and then an accumulation of ferruginous silicate is 
deposited, resembling that of the iron-outblows which indicate 
ore-veins. As far as I have yet been able to ascertain experiment- 
ally, sulphates and other salts of metals, other than iron, do not 
grow or develop in this manner, or if they do, the process is 
exceedingly slow, so that one year's progress in growth is often 
barely perceptible, and such growth, moreover, never tends in an 
upward direction. If we heat our solution, the fibres of iron-sili- 
cate grow more rapidly, and at a temperature of 70 to 90 degrees 
(Centigrade) the development is so quick that, in most instances, 
it can be followed with the naked eye. Besides this the higher 
temperature causes the thin, smooth and almost colorless fibres to 
develop into thicker strings of brown and dark-green color, bend- 
ing in every direction and forming reticulations in which accumu- 
lations (pockets) are frequently observed. 

Similar, though somewhat modified phenomena, are brought 
about by galvanic currents. In a heated solution, however, salts 
of lead, zinc, copper, etc., may be forced to grow upwards, but the 
development is slower and more irregular, and instead of slender 
smooth threads, irregular pockets, exhibitmg every variety of out- 
line (when different salts are used) and which are connected with 
each other by rough strings, are formed. 

If, however, salts of other metals — not necessarily sulphates — 
are used together with the salt of iron, the threads of iron-silicate 
not only begin to grow at once but they carry along with them 
the other metals, so as to form veins of pure silicate of iron, or 
embracing other metals; sometimes widening out into pockets 
rich in other metals, or even without a trace of anything but iron. 
From such pockets sprout again veins of pure iron-ore, or miscel- 
laneous ore-veins which again may form pockets. Gold and 
platinum salts (as far as my experience goes) are invariably reduced 
to the metallic state, silver and copper salts frequently, especially 
if brought in contact with hydrogen or hydro-carbon injected into 
the solution. By continuously admitting small quantities of 
sulphuretted hydrogen, ammonic sulphide or carbon dioxide, the 
author succeeded in transforming some of the ore-strings into 
sulphides and carbonates. 
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In fact, there can be little room for doubt that any form of ore- 
vein or outcrop found in siliceous gangues may easily be repro- 
duced on a small scale in the laboratory, in silica solutions, with 
the assistance of time, heat and galvanism from any given salt of 
a metal brought in contact with iron salts. 

The author's observations were not limited to the genesis of 
artificial ore-veins in experimental tubes ; he also studied the forma- 
tion of agates in free solutions. He invariably found that the 
development of siliceous layers, instead of commencing with an 
outer zone and* progressing towards the centre by a process of 
osmosis (as hitherto supposed), started with an acicular cr>^stalline 
mass of silica as a nucleus, which then became enveloped by a 
thin film of silica, thickening slowly into regular agate-bands of 
various tints, through deposition on the surface. This phenomenon 
was first observed at the bottom of one of the test-tubes, which 
during the writer's absence in the field had been neglected for 
nearly two years, and in which the metallic salts (chloride of gold 
and sulphate of iron) were exhausted. Above the layers of agate 
a dendritic siliceous structure had been developed, and over this 
again a cloudy deposit of micro-crystalline silica, which surrounded 
the metalliferous fibres and extended to the end of the tube (a dis- 
tance of fully twelve inches). Wherever this siliceous deposit 
toyched the wall of the tube it showed plainly metallic gold, partly 
in microscopic crystals arranged in star-like groups, partly in bright 
lamina and symmetrical octahedrons. 

The experiments here described are of course incomplete and 
to be regarded as a preliminary to more exhaustive inquiry. For 
nearly two years, during which the writer was engaged in the 
exploration of Trans-Pecos Texas, the test-tubes were not attended 
to, and since the renewal of the investigation the time has been 
too short for definite conclusions. Nevertheless the experiments 
would, so far, appear to establish the following points, viz.: 

1. It is principally the iron which, in silico-ferruginous fissure- 
veins, brought the other metals from greater to (by mining) acces- 
sible depths. 

2. Most siliceous ore-leads, carrying also large quantities of iron 
and having silico-ferruginous outcrops, seem to be deposited from 
hot aqueous solutions of the metals and silicates. 

3. Metals and metal combinations contained in the rock surround- 
ing the fissures and crevices, were probably leached out by the hot 
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liquids contained in the fissures and precipitated on and combined 
with the siliceous iron, growing up in the fissures. 

4. The fissures could be charged with ore-veins in a compar- 
atively short time, since, no doubt, high temperature and galvanic 
currents existed in the fissures at the time of the formation of the 
ore-gangues. 

5. In contact-gangues the precipitation and deposition of ores 
was materially facilitated by galvanic currents, caused by the con- 
tact of different rocks, and it is owing to the prevalence of galvanic 

. currents that in most cases richer deposits at the intersection of 
two or more leads were formed. 

6. The so-called iron outblows are frequently not the product 
of igneous eruption, but a deposition-product from aqueous solu- 
tions, and alteration in the rocks contiguous to such outblows 
are not necessarily the result of eruptive agencies, but of a leaching 
process. 

7. The formation of banded agates does not always take place 
(as generally believed) in the cavities of a rock, but can also occur 
free in solutions, and the thickness of the bands progresses from the 
centre outwards, although a reverse process, by osmosis, may be 
possible under certain conditions. 



AN ASSAY FURNACE. 

By HERBERT WOOD, M.A., FELLOW, TORONTO UNIVERSITY. 

The accompanying diagram represents a muffle furnace as used 
in the Pueblo Smelting and Refining Company, Colorado. This 
furnace is one of a group of three which stand side by side, and 
the flue here given is the one used by the three furnaces. A flue 
measuring 6 inches by 8 inches is, however, quite large enough for 
one furnace. The approximate cost of such a furnace is about $100. 

400 fire-brick $20.00 

400 red brick, 5.00 

200 lbs. fire-clay, 8.00 

Mason, five clays, %^ per day, 25.00 

Castings, 20.00 

Extras, mortar and carpenter, lO.oo 

$88.00 
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For transportation, etc., will require about ^10. 

Such a furnace is hardly suitable for a mine unless it is well 
equipped in its various departments, and has a large amount of 
fire assaying to do. 

The superiority of this style of furnace over every other consists 
in: 

Its economy of fuel (I have made cupellations on 16 lbs. of 
soft coal) ; its cleanliness, being far less filthy than the Kerl Furnace 
which is fed in front. 

Its rapid heating and excellent draughts. 

Its large muffles. 

I have worked with the Kerl Furnace, the double muffle and the 
Battersea, and I consider this the best. 
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A furnace which is fed behind is always to be preferred to one 
fed in front, since the heat and dust of the latter is not recompensed 
by any gain in time ; if indeed there be any gain in time. If the 
grate be properly cleaned or barred out with a long iron bar, 
and sufficient coal put in, the quantity being easily determined by 
practice, it need not be touched again during the assay. The 
increase of temperature required at the end of an assay for brighten- 
ing a bead, removing the last traces of lead, or perfect liquidation 
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in scorification, can be got by stirring the coal a little and closing 
the furnace door. The draught is excellent, and the position of 
the flues, as will be seen, causes the flame to circulate entirely 
around the muffle. There is one disadvantage, and that is the 
danger in feeding of breaking the cross-bar, i.e,^ the supporting fire- 
brick under the muffle ; this may be remedied, however, by con- 
structing knees or projections from the wall which serve as a rest. 
With care a muffle in constant use should last a month, and then 
a new bottom may be inserted from an old muffle. When the 
muffle finally becomes unfit for use the bricks in the arch are care- 
fully shoved in without damaging them, so that they may be used 
again, and the new muffle thrust into position. The arch is again 
walled up with fire-brick and fire-clay mortar. A little fire-clay 
mortar at the front where the muffle touches the door, is often 
necessary. The furnace should now be allowed to stand a short 
time till the mortar is nearly dry. The muffle should be placed 
with a slight slope from the back to the door. This admits of a 
freer circulation of air, and enables the operator to see into his 
cupels. 

Another slight objection which I found in working with this 
furnace was the distance of the muffle door from the floor. It 
will be seen by the diagram that it is four feet. For my own use 
and for others of medium height, six inches less would make it 
more convenient. 

The size of the muffles used is : 

Small size, 9 inches by 15 inches. 

Large size, 13 inches by 15 inches. 

I have made thirty cupellations at once in the large size and got 
crystals on all. Twenty crucible assays may be made without 
difficulty at one time. 

The most refractory ores may be made easily by crucible pro- 
cess. About thirty to forty minutes is required for a crucible 
assay in this furnace. I worked some eight months with this fur- 
nace, and met with no such satisfaction in any other that I ever 
used. 
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MANUFACTURE OF SLAG BRICKS IN MONTANA. 

By THOMAS EGLESTON, Ph.D. 

The utilization of the slags of the various kinds of furnaces, which 
not only produce nothing but are a source of great inconvenience and 
expense to the proprietors of works, has been the subject of much 
experimentation. As the quantity of slag produced in most of the 
works using shaft furnaces is equal in weight and greater in bulk 
than the amount of profitable material treated, a large amount of 
money has been spent in making experiments with a view of utiliz- 
ing them.* These consist of in some way causing the slag to 
cool slowly, so that it becomes less brittle than when allowed to 
cool by itself, and thus becomes useful in construction ; or else in 
causing the slag to run against a rapid stream of water, so as to 
granulate it, in order to use it for the manufacture of manure, sand 
or cement, or to carry it away as a waste product. 

The cooling process, when it is carried to its greatest limit, pro- 
duces a material equal to cut stone, but it requires time and a large 
amount of space.f In many cases thorough tempering, as the cool- 
ing process is called, is not necessary, and in the great West espe- 
cially, is not always practicable, and when the slag is not too basic 
the process of tempering can be carried on economically by doing 
it only partially. The slags of the West are not usually decomposed 
by the atmosphere and have great resistance to crushing, but are 
very brittle. When they do not require much handling, they can 
be used, when moulded, with great advantage for the construction 
of retaining walls, foundations, and of kilns for roasting ore or 
matte, while the chips are useful for making roads and the fines 
for casting beds, for which last purpose they are cleaner than 
sand, and require no addition of fluxes when the castings are 
treated in the furnace, since the slag is fusible. In order to make 
them cheap, it is desirable to have the shaping done in cast-iron 
moulds which can be easily taken apart and quickly put to- 
gether again. Casting in sand, with sheet-iron partitions, as is 

* Transactions American Institute Mining Engineers, vol. i., page 206. 
f " Treatment of Copper-Slates at Mansfeldt," School of Mines Ql^arterly, 
Tol. xii., p. 113. 
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done at Mansfeldt, is only desirable when there is a large space 
and considerable force employed, when labor is cheap and there 






S 






o 



^ 


J 






I 




1 


c 


1 11 




I 


^ 




I: 


1 1 1 




f 


^ 


> 






r 


3 


> 


1 



Vi 



§ 



.1 







A 

.1 



4! 



5 






2i 




^ 




u 



is a constant demand for the product, for only in this way can the 
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skill be acquired which is necessary to get a material which is 
always uniform. 

The process which is used at the Parrott Works at Butte, Mon- 
tana, was invented by Mr. J. E. Gay lord, of that company, and is 
interesting because it allows of quickly arriving at the result with 
ordinary labor, and is applicable anywhere and to almost any slag, 
provided it holds together on cooling, as almost all the slags in 
the West do. It consists simply in dumping the fluid slag from the 
inside of the ordinary conical iron pot into a cast-iron mould, instead 
of allowing it to get cool in the pot and then throwing it on to the 
dump heap. This requires that the casting yard shall be near the 
furnaces, so that the slag pots shall not have to be wheeled too 
far, and that the space shall be large enough for the men to work 
conveniently, and also space for the storage of the hot moulded 
slag while cooling. The plant required for this manufacture is of 
the simplest description, and the product available for almost any 
building required about the works, or, indeed, for any ordinary 
construction, especially for underground work. 

The slag-bricks at these works are made by contract, and are 
paid for at the rate of 85 cents to $\ per hundred. The bricks 
are 12 inches long and six inches wide and high. This has been 
found by experience to be the most convenient size, but they might 
be made of any other size when it was desirable to do so. The 
Parrott brick weighs about 55 pounds ; one man can make 350 in a 
day. They are made on an area near the blast furnaces. At these 
works there are two plants for making them, each plant having 
three sets of apparatus at a distance of about 30 feet apart. These 
three sets are worked by one man in the day and one in the night 
shift ; or four men in 24 hours. When there is a greater demand, 
extra sets can be easily set up or shifts of eight hours can be made. 
The apparatus consists of a set of cast-iron plates, shown in the 
plan and elevation No. i. These plates are cast in the shape of a 
T and have beveled ends. They are one inch thick, 14 inches 
long, 12 inches wide on the inside and 14 on the outside. The 
bevel occupies one inch, so that the available inside space is twelve 
inches long and six inches wide and high. This piece is set upon 
a series of bed-plates, Fig. 2, which are fourteen by six and one and 
one-half inches thick. These are leveled up and form a floor, and 
are juxtaposed so as to leave their joints under the mould frames. 
The frames are placed together, %o as to form five moulds, so that 
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the pointed, beveled ends of the long end of the T fit into the V-open- 
ings made by placing the beveled ends of the short ones together. 
The method of placing them is shown in Fig. 3. No special end 
pieces are made for the purpose of resisting the pressure, but two of 
the castings are placed at the end for that purpose. On the outside 
of these and resting upon supports, nine inches high, plates of cast- 
iron six inches wide and of the same thickness are set, a little longer 
than the length of the five moulds. They are reached by an incline 
three feet long, placed as shown in Fig. 4, so that the wheels of 
the slag-pot will run on them and be just over the moulds below. 
The incline is so gentle that there is no difficulty in pushing the 
slag-pot up it. The pot full of slag from the furnaces is run up this • 
incline. The man shoving it makes two holes in the crust, which 
has cooled on the top, while coming from the furnace, the front 
one to pour the slag out and the one on the other side behind it 
to allow of the flow. He then tips the pot over by raising the 
handle of the slag-wagon and the melted slag on the inside falls 
into the moulds below until they are full. There will then be a 
shell of slag on the inside of the pot. This is carried to the dump 
heaps and tipped there, and the pot is taken back to the furnace 
to be again filled. By the time the moulds in plant No, 3 are full, 
the brick man, who has just prepared these moulds and has 
watched the operation of casting, is ready to take to pieces the bed 
No. 2 previously cast. He goes there, and with a hook which fits 
into the holes on the top of the castings, shown in the elevation, 
Fig. I, pulls out the irons and puts them to one side, leaving the 
hot bricks on the iron pavement to cool sufficiently to be handled. 
When this is done he goes to No. I, the bricks of which have been 
cooling and are ready to be piled, but are still hot. He takes 
them up on a shovel and piles them close together, making headers 
every other row. He then reconstructs the moulds in No. i, 
putting the irons, which are still hot, in place by means of the 
hook, washes them with clay water, and by this time the bricks 
of No. 2 are ready to be piled. He first goes to No. 3, pulls out 
the irons and then piles the bricks of No, 2, and by this time fresh 
slag comes to No. i, and so on. It does not take much more 
than ten minutes between the casting of one set and the making of 
the piles of the other. The bricks are left in the pile until they are 
quite cool, by which time they are sufficiently annealed to be used. 
There is always a considerable quantity of small stuff made by 
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the slopping of the slag. This is taken away by one man with a 
horse and cart, and is used for making the roads about the works 
and for filling either between masonry or in the ground. These 
bricks are constantly used about the works, and considerable quan- 
tities of them are sold to be used in the town. They are very 
advantageous for construction, as they require less mortar than 
ordinary bricks, and are quite as strong as stone, when they are not 
liable to shock. They are used exclusively in the construction of 
the kilns at that works, where they would last a very long time, 
but for the habit of cooling down the hot ore with water, which 
makes it necessary to reconstruct them every four or five years. 
•The bricks of the size made here are the most convenient. If 
made smaller they would cost too much, since the labor would be 
about the same whatever the size. If made larger they would be too 
heavy for the men to handle conveniently. They can be transported 
short distances and are cheaper and more easily laid up than stone. 
The skill of the manufacture is entirely in keeping the irons 
above ground, moving them frequently and keeping them coated 
with cky water. When, as in some cases, the moulds have been 
permanently fixed in place and the slag allowed to cool in them, 
the cast-iron pieces* have become useless in a short time. At the Par- 
rott Works, where the work is done carefully, they last indefinitely, 
and where the moulds are taken to pieces as soon as the bricks 
are strong enough to hold themselves up, the wear is inappreciable. 
The process is a very ingenious and simple one and applicable at 
any works producing slag. The cost of the plant is very small, 
the labor required is not high-priced, and over two-thirds of the 
slag is a source of a small profit to the works, instead of being an 
incumbrance and a source of expense. 
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(Continued from p. 117.) 

3. Roasting the Matte and Making Sulphuric Acid,--- The matte 
from all the works is collected at Eckardt Hiitte and Kupferkammer 
Hutte to be roasted, the object of which is both to drive off the 
sulphur, which is not required in the following operations, and to 
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oxidize the iron, so that it may combine with silica and pass into 
the slag. This roasting is done in kilns, Fig. 5, which are small 
shaft-furnaces, 3.20 m. high. At the hearth, they have a section 
of 1.3s m. by 1.36 m., and from here they widen gradually to the 
throat, where they have a section of 1.60 m. by 1.56 m. These 
kilns contain, when full, ten tons of matte. Two sections of ihcm 

Section on O P. 




Section on M N and Top View. 
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Fig. 5.— Roasting Kiln. 
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are shown. They are built in groups of twelve to eighteen, side 
by side, in two rows, and connect with the sulphuric acid chambers. 
Each kiln is charged by a cup and cone. The top of the cup is 
covered by a movable cone as shown in Fig. 6. The charging- 
cone is arranged so that it can be raised or lowered above or below 
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a circular hopper set permanently in the kiln. Above the throat 
there is an ore-hopper, and fitting over it and moving either 
with, or independently of, the lower cone, is an upper one, which 
fits over the ore-hopper and is brought down on to it when 
the ore. is to be charged, so as to prevent the sulphuric acid fi*om 
escaping fi'om the throat when the lower cone descends into the 
furnace. The top of the furnace thus remains covered. If there 
is any obstruction in the upper part of the kiln, it can be broken 
up by working with iron bars through a hole made in the upper 
cone, while the under one is lowered. When the charge is made, 
the lower cone is first raised to its place, the top one is then lifted 
and a new charge put into the hopper. In the interval before 
charging, the joints between the cup and fhe cone are covered with 
fine ore. Between the charges, the upper cone remains raised. 




Fig. 6.— Details of the Cup and Cone Charger. 
Scale — rO.03 ni. = I m. 

The kilns were first constructed as shown in the Fig. 5. with four 
small doors in two rows at the top and three larger ones in a single 
row below, but since the introduction of the double cone, the four 
small upper doors have been suppressed, as the upper part of the 
furnace can now be reached without inconvenience to the men, 
through the cup and cone from above, and they are no longer of 
use. In the lowest door only, there is an opening for the admis- 
sion of air, which can be open or closed more or less, at will. In 
the new furnaces, the four upper doors are no longer put in. In 
the old ones, they are tightly luted and never used. 
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When the furnaces are cold they are charged with matte broken 
to the size of 0.30 CbM to 0.40 CbM, and mixed with small coke. 
After the matte has taken fire, no fuel is added, as the sulphur in 
the matte is sufficient to furnish all the heat required. The only 
care the men have to exercise is to see that the charge does not 
sinter. This is done by making the charge of 100 of raw and 85 
of either half roasted or wholly roasted matte, and by opening one 
of the three large doors to allow the air to enter and thus keep 
down the heat. The quantity of air is so regulated as to give a 
gas containing 4 to 5 per cent, of sulphurous acid. The men 
know that the kiln is working properly when the upper part of the 
charge, about one metre above the hearth, which is not thoroughly 
roasted, will hold itself up when the fully roasted charge below is 
withdrawn. When the finished charge has been drawn out, the 
pasty mass above is broken up with bars, so that the whole mass 
falls without much disturbance to the working. The gas from 
each furnace escapes by an opening in the top of the shaft into a 
canal common to all the kilns, and goes from there to the acid 
chambers. The kiln is discharged every twelve hours in the ordinary 
working, but for the *' bottom process *' every eighteen hours. A 
fresh charge is introduced immediately after a finished one is with- 
drawn. In the interval all the doors of the furnace are closed and 
luted. They are not opened except when the furnace is not working 
properly. With the poor ores treated at Kupferkammer Hutte,0.6i 5 
tons of roasted matte is withdrawn at each discharge, or with the 
rich ores at Eckardt Hiitte, 0.75 tons. The roasted matte comes 
out of the furnace in rounded pieces of a dark color, more or less 
agglomerated, but which can be easily separated. It contains 
about ten per cent, of sulphur. The outside of the pieces looks 
more or less scoriacious. The inside is a kernel which looks like 
the concentrated matte. As the amount of sulphur driven off is 
a little more than equalled by the oxygen absorbed, one ton of 
matte at Kupferkammer Hiitte gives 1.070 tons of roasted matte 
and at Eckardt Hiitte 1.015. The daily production of each kiln 
is, at Eckardt 1.37 tons and at Kupferkammer Hiitte 0.97 tons. 
At Kupferkammer Hiitte there are 72 of these kilns, 48 in two 
rows of 24 rows each and one row of 24. At Eckardt Hiitte 
there are 44, or 1 16 kilns in the two works. The roasting is well 
done and costs but little. 

Sulphuric acid is manufactured on a large scale at both Kupfer- 
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kammer Hiitte and Eckardt Hiitte. This is done in lead cham- 
bers, the acid manufactured being from 48° to 52° B. The table 
below gives the apparatus required at each of these works for this 
purpose : ' 

Kupferkammer 
Hutte. 

Kilns, 72 

Lead Chambers, .... 5 

Volume of lead chambers in C. M., 21423.66 
Gay-Lussac towers, .... 5 

Glover towers, 3 

From 550 cubic metres of lead chamber one ton of chamber 
acid at 50° B. is produced in 24 hours. The chambers are 5 m. 
high, 5.5 wide and of variable length, depending on the lay of the 
ground and the work to be done. At Eckardt Hutte there are 
three, one 67 m., one 60 m.. and one 5 m. They manufacture the 
nitric acid which they use. Saltpetre is used for that purpose 
only. The section of the Gay-Lussac and Glover towers, which 
they formerly used were oblong. The new ones are round and 
answer equally well. These towers are built with slag blocks 
made for the purpose. The concentration of the chamber acid is 
done in platinum vessels. The chamber acid contains a small 
quantity of selenium and a trace of arsenic. It would not be 
worth while to take out the arsenic, but the selenium has to be 
separated, as much of the acid made in the works is used in dye- 
ing and the selenium turns the substances which are dyed red. To 
separate it and the arsenic, all the acid which has to be concentrated 

' up to 66° B. IS treated with sulphuretted hydrogen, made by treat- 

ing iron sulphide with 18° to 20*^ B. acid. No use has as yet been 
found for the arsenic and selenium so collected, but it is all Saved. 

! Much of the acid made at Eckardt Hiitte is sold for the manufacture 

of dynamite, for which a very regular quality is necessary. The 
concentration up to 66° B. is made in a Faure-Kessler platinum 
apparatus, which produces 4^ to 5 J^ tons of 66° B. acid in 24 
hours. All the older forms of platinum apparatus have been 
abandoned. The 50° to 60° B. acid is sold in small quantities in 
carboys containing 64 to no kilos respectively. The most of it, 
however, is sent away on the railroad cars in iron cylinders, con- 
taining 10 to 12 tons. The use of lead cylinders containing 6}i to 
6.75 tons has been abandoned. To fill the iron cylinders, the 

acid is forced by the pressure of air through leaden pipes 750 m. 
VOL. xn. — 14 
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long into collecting tanks at the railroad station at Hettstedt, 
which is about half a mile, and the tank cars filled from there. 
The dirty acid which comes through the towers is clarified by 
causing it to pass through a number of quarte filters, from which it 
runs into the concentration pans quite clear. To concentrate the 
chamber acid into 60° B., Glover's towers are used at Eckardt 
Hiitte and the vacuum apparatus at Kupferkammer Hiitte. From 
100 tons of matte there were produced at Eckardt Hiitte in 1888 
41^ per cent, of sulphuric acid at 50° B., and at Kupferkammer 
Hiitte 47.6 per cent. 

• 

In the first three months of 1 88 1 there were produced per ton 
of raw matte : 

Kupferkammer Eckardt 

Hutte. Hiitte. 

Of chamber acid at 50® B, . . . 479 K. 413 K. 

The quantity of nitric acid at 36 was, . , 7.92 7.50 

In 1888 there were produced: 

Matte Roasted Roasted Matte Chamber Acid 
in tons. in tons. in tons. 

Kupferkammer HQtte, . . 20878.267 21787.5 9933 

Eckardt HQite, . . . .16113.2 11711 6688 

36991.467 38498.5 - 1 662 1 

The production per ton of raw matte was : 

Kupferkammer. Eckardt. 

Chamber acid at 50® B, .... 476 K. 4^5 K.. 

Roasted matte, 1.040 1.04 

The daily production of a kiln was : 

Kupferkammer Eckardt 

HQtte. HQlte. 

Roasting for ordinary concentrated matte, . 0.98 1.47 

Roasting for the bottom process, . . . 0.80 1.12 

In the year 1889, 37,543 tons of the first and 432 tons of the 
concentrated matte were roasted. The raw matte produced 16,553 
tons of chamber acid at 50® B. ; 1529 tons of this was concentrated 
to 1203 tons at 60° B., and 4929 were concentrated to 3179 tons at 
66°. 

4. Concentration oftfte Raw Matte. — This work is done at Kup- 
ferkammer Hiitte, where there are two works, and at Eckardt 
Hiitte, where there is one. In the first works, the furnaces are 
divided into two separate establishments at different levels, in one 
of which there are four, and in the other, six furnaces. At Eck- 
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ardt Hiitte there are eight, making eighteen in all. These furnaces 
are shown at Fig, /■ They were formerly used with step-grates, 
as shown in the drawing, but this has been abandoned, as it was 
found that the coal on the inclined grates was apt to burn in such 
a way as to form passages in the fuel and thus admit too much air 
to the furnace. The bars of the gfate are now made only slightly 
inclined towards the bridge. The charge in the furnace is intro- 
duced by means of an iron hopper. In one section of Kupfer- 
kammer Hiitte, the top of these hoppers is on a level with the 
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Fig. 7. — Matte Coiicenlralion Furnaces ai Eckanit Hilltc. 
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floor of the shart-furnace houses, and they are reached by means 
of an iron bridge. The dimensions of the furnace are given below : 

M. 

Tlie length of the Tieanli is 3.00 to 3.96 

The width of the hearth at the firehridge, , . . i.00 
The width of ihe hearth a( the middle, .... 2.74 

Width M ihe working door, 54 

Height at the fire-bridge S2 

Height at the working door . .41 ' 

Width of the fire-bridge 76 

Height from (ire-bridgc to rcwf, Al 

Depth of grate-bars below the bridge, 79 

Kie of the flue where it enters Ihe arch, . , . .^9 and .44 

Length of the fine where it enters the arch, , . . -63 
Width of the flue where it enters the chimnej', . .45 

The lei^h of the flue iii, ... 1 . - .45 

The fireplace is l.o; m. long and 1.25 m. wide. The depth of 
coal, including clinker, is 0.70 m. at the bridge and 0.97 m. at the 
back. The coal is charged by a hopper. Over aJl the fire-bridges 
there is a row of openings 0.03 m. to admit air to the furnace to 
burn the gases. The hearth of the furnace is 0.20 m. to 0.22 m. 
thick. It is made of quartz sand, which is either natural or is 
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ground for the purpose. It is put in in three layers when the fur- 
nace is at a red heat. It is inclined away from both bridges and 
towards the tap-hole. The furnaces, as now built, are served at 
Eckardt Hiitte by chimneys 14.5 m. high and 0.71 m. square. 
At Kupferkammer Hiitte, the chimneys are 16 m. high. There 
are also, in the old works, two chimneys 37.7 m. high, with a sec- 
tion of 1.72 m. by I m. The furnaces last from four to five months 
with continuous working. At the end of that time the hearth 
must be made over and the arch must undergo serious repairs. 
The whole roof has to be rebuilt every twelve months. The fire- 
place has to be repaired every few weeks. The bricks which are 
used in the construction of these furnaces are made not far from 
Eisleben. 

The object of the operation is to produce a matte containing 
from 74 per cent, to 75 per cent, of copper, which will contain all 
the silver, to get rid of a part of the zinc, arsenic and antimony by 
volatilization, and to make most of the iron and a part of the other 
impurities pass into the slag. As there is not sufficient silica in 
the roasted matte to form the slag into which the iron must go, it 
is added in the shape of sand. Zinc is especially prejudicial in the 
matte concentration, and while only a small quantity of it passes 
into the matte, it makes the slags pasty. and causes a scum to form, 
which lengthens the operation and renders it much more difficult, 
as they do not easily separate from the matte. This is especially 
noticeable at Eckardt Hiitte. where the ores contain but little zinc 
and the separation of the matte and slag takes place easily, while 
at Kupferkammer Hiitte, where they contain a great deal, almost 
all the slags contain grains of matte, and have to be either re-treated 
or, in order to make the separation, the mattes are made to flow 
into conical pots, where the separation can take place. But this 
entails another evil, which is that the slow cooling of the rich matte 
involves the separation of the silver as metallic silver, which can be 
clearly seen with a magnifying glass and causes a considerable loss, 
as metallic silver is not attacked in the Ziervogels process. The 
operation is conducted in two ways. The ordinary concentratiqn, 
which has been carried out since 1887, consists ifi making {a) a 
matte containing 74 per cent, to 75 per cent, of copper. The other 
{b) consists in making a matte containing 78.50 per cent, to 79.8 
per cent, of copper and bottoms. Both of these mattes are sent to 
Gottesbelohnungs Hiitte for desilverization, but the bottoms are 
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sent to the electrolytic works at Ober Hiitte. There are used in 
the furnace in a shift : 

Ku^ferkammer HQtte. Eckardt Hutte. Bottom work. 

Tons. Ton*, Tons. 

Roasted matte, . . . 2.80 2.20-2.80 2-2.50 

Quartz sand, . . 0.080-0.0140 0.060-0.100 o 080-0.100 

To the roasted matte at Eckardt Hutte, 6 per cent, to 7 per cent, 
of unroasted matte, and at Kupferkammer Hutte, o.i per cent, is 
added, and, in addition to this, the rich slags from the same treat- 
ment. The trme required is six to seven hours. It is indispens- 
able to form a thin slag, so that the separation may take place 
perfectly. For this purpose, as soon as the charge is introduced 
and spread out in the furnace, all the doors are closed and luted 
and the furnace brought to a high temperature as quickly as pos- 
sible and kept there. After three to three and a half hours, the 
doors are opened and the charge rabbled. This is repeated twice 
and the charge is considered as ready when it is thin and nothing 
is found adhering to the hearth. The charge in the furnace is now 
composed of three beds, metallic copper below, matte above and 
slag on the top. The furnace is tapped and the copper is caught 
in small cast-iron pots. The matte is run out on to a casting-bed 
covered with cast-iron plates, which is 6 m. to 7 m. square, and 
makes plates which are 0.04 m. to 0.05 m. thick. This is done 
because it has been found that when the matte is in such thin 
sheets it cools so rapidly that no separation of the metallic silver 
takes place, and as this would be prejudicial to the subsequent 
separation of the silver, this method of casting is now adopted. 

Formerly, the matte and the slag were discharged together, the 
matte running into the first cast-iron pot and the slag overflowing 
from there. In this way the grains of matte were separated from 
the grains of slag as now, but the matte remaining a much longer 
time in the melted condition, a liquation took place in the matte 
with a separation of the silver, which complicated the next opera- 
tion unnecessarily. Since the matte has been cast in thin sheets 
this difficulty no longer occurs. 

As soon as the slag shows itself, the spout, which is movable, is 
turned over the first of a series of six to eight conical iron pots, 
0.60 m. in diameter and high, which hold 300 to 400 kilos each. 
These are arranged in cascade, so that the overflow from one runs 
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into the one below. This is done in order to catch the grains of 
matte which are carried off with the slag. The most of these 
separate in the first two pots. The knobs which settle in these 
pots are put back into the furnace. At Eckardt Hiitte, just before 
the slag solidifies, an iron cone with a ring in it is pushed down 
into the melted slag in order to lift it out of the pot. To do this, 
a horizontal crane composed of two T-bars fastened into the side 
wall of the buildirig and supported from the roof, is carried over 
the line of pots. A chain pulley with a hook serves to raise the 
solidified slag from the pot and carry it out of the building. 

The slags which are produced in this process contain on the aver- 
age two per cent, of copper. They were formerly all treated in the 
ore-furnaces, but this practice is now to be abandoned and they 
are to be treated in a shaft-furnace by themselves. The furnaces 
are tapped every six hours and yield 8 to 10 tons of white metal 
in 24 hours. The slags can only be cascaded when they are thin. 
When, as at Kupferkammer Hiitte, they contain considerable zinc, 
f they are pasty and only 37 per cent, of them will run. The rest 

have to be drawn from the furnace with the rabble and are always 
rich in grains of matte. 

It is not always possible to arrange the charge so as to produce 
the rich matte. What can be done can usually be told from an 
inspection of the roasted matte. It is in reality the only way to 
correct it. If a mistake has been made it usually becomes apparent 
after the drawing of the first slag. If the slag, when it is rabbled, 
foams, and if the matte, when it is cooled on the rabble is too rich 
or contains metallic copper, the matte has been roasted too much, 
and an addition to the sulphur must be made by charging suffi- 
cient raw matte to furnish it. If the contrary is true and the 
matte has not been sufficiently roasted, rich concentrated matte or 
even metallic copper must be added to it to take up the sul- 
phur. If the changes made in the charge do not succeed in bring 
ing the matte up to the required standard, it is used in other 
charges. It is generally not wise to try to correct the charge 
towards the end of the operation, either with dead roasted or raw 
matte, lor this introduction of cold material cools the charge and 
prolongs the time of roasting. When the matte cast contains 
considerable quantities of metallic copper, it is certain that the 
hearth has taken up some of it, and several successive charges of 
imperfectly roasted matte can then be made with a certainty of 
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always getting a rich matte which will not contain less than 74 
per cent. With a little practice the rich concentrated matte can 
be accurately distinguished by the eye by its dull gray color and 
its fine grain. When the eye is not practiced, the only way to tell 
is by the specific gravity. When it contains 74 per cent., of cop- 
per, it has a gravity of 5.76^ and when it contains 75 per cent, of 
5.80. When bottoms are made the corrections cannot be made in 
the charge. Extra matte is only sufficiently rich and pure when in 
the shift, at least 100 kilos of bottom copper has been taken out. 
When this separation has not taken place the extra matte is not 
used as such. The concentration slag contains oxide of copper as 
silicate, and according as it is taken from the casting pot or flows 
by itself, contains more or less shot matte. On account of its basic 
condition and of its high oxide of iron contents it was formerly 
used in the first melting. 

The following analyses show the composition of the concen- 
trated matte : 



Iron, . 
Manganese, 
Nickel, 
Cobalt, 
Zinc, . 
Lead, . 
Copper, 
Silver, . 



KupferKammer Hutte. 


Eckardt Hiitte. 


z88o. 


1881. 


1880. 


x88x. 


1. 981 


2.59 


1.348 


2.87 




.Oil 




.01 


0.634 


.536 


0.678 


.304 


0.212 


.178 


0.220 


.187 


0.995 


1.378 


0.674 


.5H 


0.83s 


.816 


0.952 


.557 


74.3 


73.20 


75.8 


74.512 


0.365 


0427 


0.358 


.429 



79322 79256 80.030 79.383 



In 1888 they contained 



Eckardt Hmte, 
Kupferkammer H&tte, . 



Copper. 
75.9 
74.3 



Silver. 
0.436 

0.443 



The bottoms contained : 



Eckardt Hotte, . . . . 
Kupferkammer Hfltte, . 



Copper. 

97.03 
96.50 



Silver. 

0.907 
0.962 



This matte generally contains from 20 to 21 per cent, of sul- 
phur : 

The slag contains, no alkalies having been determined : 
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Silica, 
Lime, 
Magnesia, . 
Alumina, . 
Oxide of iron, . 
Oxide of manganese, 
Oxide of cobalt and nickel 
Oxide of zinCy . 
Oxide of lead, . 
Copper, . . . 
Silver, , , , 
Sulphur, • . • 



Kupferkammer HQtte. 
20.193 

4^730 
0.915 

3.500 
50.328 

4.1x0 

0.200 

2.006 

.218 

9.90 

0.028 

1.556 



Eckardt HQtte. 

17.155 
3.946 

1.054 
2.280 

48JI7 
3-481 
0.360 
2.666 
0.300 

14.800 
0.050 
2.838 



98.687 



97.647 



On account of the high percentage of iron it contains, this slag 
is used as a flux in smelting the ore. 



The table below gives the working for 1880 : 

Kupferkammer 
Hutte. 
Tons of matte treated daily, .... 8.01 

Per ton of raw matte : 

Kupferkammer 
Hatte. 
Concentrated matte, . • . . .410 

Concentrated slag, 570 

Coal used, 9.88 

One ton of the concentrated matte contained : 

Kupferkammer 
HQtte. 

Copper 743.91 

Silver, 4.27 

One ton of concentrated slag contained : 

Kupferkammer 
HCtte. 

Copper, , 90-40 

Silver, ••....•. O.36 .10 
The coal used per I ton of raw matte, . . ^^i% 



Eckardt 
Hatte. 

9-34 



Eckardt 
HQtte. 

540 

500 

8.58 



Eckardt 
Hiitte. 

743.7s 
4.33 



Eckardt 
HQtte. 

29.43 
0.85 

8.58 
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In 1 888 the work was as follows : 

 

Ordinary Concentrated Matte. Bottom Work. 
Kupferkammer Eckardt Kiipferkammer Ecknrdt 
Hutte. Hiitte. HQtte. Butte. 
Daily product from a fur- 
nace of roasted matte. 8.97 10.49 7»79 8.81 
Coal used per ton of 

roa ted matte, . , 10.05 8.57 1 1 35 9.98 

Results per ton of matte : 

Ordinary Concentrated Matte. Bottom Work. 

Kupferkammer Eckardt Kupferkammer Elckardt 

Huue. HQtte. Hutte. Hiitte. 

Concentrated matte, . . 4.80 5.60 

Extra matte, 3.29 3.55 

Bottom copper, 54-07 -76 

Slag 5.49 4.98 6.39 531 

On an average one ton of ordinary concentrated matte contains : 

Ordinary Concentrated Matte. 
Kupferkammer Eckardt 
Hiitte. Hutte. 

Copper, 742. 75'-39 

Silver, <.38 4.417 

One ton of extra matte : 

Bottom Work. 
Kupferkammer Eckardt 
Hutte. HGtte. 

Copper, 786. 79M1S 

Silver, 4*199 4.121 

One ton of bottom copper : 

Bottom Work. 
Kupferkammer Eckardt 
Hiitte. HQtte. 

Copper, . 965. 973.072 

Silver, . 9.622 . 9.094 

Lea^', 11.06 7.7 

One ton of flowing slag : 

Ordinary Concentrated Matte. Bottom Work. 

Kupferkammer Eckardt Kupferkammer Eckardt 
HQtte. HUtte. HQ^re. HQtte. 

Copper, . , . 34.017 29 980 81.067 78 740 

Silver, . . . .054 -046 0.269 0.1 10 
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One ton of drawn slag : 

Ordinary Concentrated Matte. 
Kupferkammer 
Hutte. 

Copper, 95*253 

Silver, 0.385 

The. copper in these slags is partly as silicate and partly as 
mechanically mixed shots. The ordinary concentration slag goes 
back to the first melting. The rich slags of the bottom work are 
collected for a separate campaign in the shaft furnace. 

In 1889, 41,376.8 tons of roasted raw matte gave 21,039.5 tons of 
concentrated matte and 3 15 tons of bottoms. The matte averaged 
75 per cent, to 75.7 per cent, of copper and from 044 per cent, up 
to 0.0466 per cent, of silver. The bottoms yielded 95.3 per cent. 
to 96.88 per cent, of copper and 0.947 per cent, to 0.961 per cent, 
of silver. The total cost of the first fusion, roasting and second 

I fusion for that year was 5,123,458.71 marks. 

• 5 and 6. Desilvering the Concentrated Matte. — The separation of 

the silver was formerly done from black copper. A series of ex- 
periments made du ring the years 1 869 and 1 87 1 proved conclusively* 
that better copper could be made when rich mattes were desilver- 
ized than when the same operation was carried out on black copper. 
Up to that time the mattes were made to contain 64 per cent, to 
65 per cent of copper, and these were made into black copper and 
desilverized. Since 1874 the mattes have been made to contain. 
74 per cent, to 76 per cent, of copper. These are desilverized 

) and the residues sent to the copper refining works. The desil- 

verization is done by the Ziervogel's method, which is carried 
out at the Gottesbelohnungs Hiitte, and the electrolytic method, 
which is practiced at Ober Hiitte. To desilverize the m^tte 
by the Ziervogel method it must be crushed to a fine powder. 
To do this it is first broken up by hand with hammers then ground. 
It was formerly granulated and stamped and afterwards ground in 
stone mills. These mills have been entirely replaced by ball mills, 
of which there are five. The matte from Eckardt Hiitte is ground 
at Katharinen Hiitte by a mill driven by water-power, and that 
from Kupferkammer Hiitte is ground at Gottesbelohnungs Hiitte 
by four mills run by steam. With these mills the work is much 
better done and dust is avoided. The daily output of a ball mill is 
from fifteen to twenty tons of ground matte. The product of the mills 
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in 1888 was 19,363 tons. The ground matte is delivered to the 
works in quantities of fifty tons at a time. This is carefully sampled 
and its copper and silver contents determined in the laboratory at 
Eisleben. The roasting of the matte is done in furnaces with four- 
hearths, of which there are ten. These furnaces are very cheap to 
build. The desulphurization furnaces yield ten tons a day and the 
silver sulphate furnaces seven tons. The ten furnaces treat 19-2000 
tons of ground matte a year. The process is a delicate one and 
involves the transformation of the iron and copper into sulphates, 
and of then conducting the operation so as to form silver sulphates 
and of decomposing the iron and copper sulphates towards the last, 
so that when the powder is treated with hot water the silver sulphate 
alone will be soluble as sulphate, while the other materials will be 
insoluble oxides. The hot solution of silver sulphate is run over 
metallic copper, which precipitates it, while the copper goes into 
solution. The copper is precipitated as cement copper and goes to 
the refining works. The residues from this treatment, which still 
contain over 0.023 per cent, of silver, are roasted and treated a 
^second time for silver, after which they contain on the average not 
more than 0.0 1 7 per cent, of silver. These and those which contain 
less than 0.023 P^'' cent, are sent to the copper refining works. The 
cement silver, after having been carefully washed, is pressed, dried 
and melted in graphite crucibles and cast into bars. In the year 1889, 
20,921 tons of ground and roasted matte produced 87,127.5 kilos 
• of cement silver, which made 86,850.5 kilos of pure silver 999 fine, 
which is equal to 86,714.48 kilos of fine silver. The yield of a 
ton of concentrated matte was 4.1 31 kilos of fine silver. This 
corresponds to a yield of 89 per cent, to 94 per cent, of silver. 
The cost of desilverization was 684,285.15 marks. 

7. Making refined copper out of the desilverized copper residues. 

The residues from the desilverization works consist of copper 
oxide, which contains only a small per cent, of iron, nickel lead and 
zinc oxide. Previous to 1 880 this was smelted for black copper and 
either refined in a low hearth or in a reverberatory furnace. Since 
that time the manufacture of black copper has been abandoned. The 
residues are now refined at once in the reverberatory furnace, three 
sections of which are shown in Fig. 8. As the process is now con- 
ducted, the desilverization works deliver their residues to the cop- 
per refining furnaces, which are situated at Gottesbelohnungs Hiitte 
and Siege Hiitte, where there are nine furnaces, five to six of which 
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Section on H J. 



Section on K L. 



Seclion on S T. 



Ftc 8. — Cupper refining furnace at Gollesl>i:lohnungs Hutte. 



Scale or Metres. 
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are always in work. These connect with a chimney 31.385 m. high. 
The residues from the desilverization of ordinary mattes contain 
74.5 per cent, of copper. Those from the extra mattes contain 79.5 
per cent. They are delivered wet and must be allowed to drain 
for some time. They are weighed out in charges often to twelve 
tons and placed on a drying floor made of iron plates which cover 
the underground flues of the furnace, which serve also as dust 
chambers. They rennain here for eighteen hour^. They are then 
mixed with 8.65 to 9 per cent, of fine coal and charged in the hop- 
pers of the refining furnace. The charge generally consists of about 
ten tons. After a previous charge has been withdrawn for an hour 
and the furnace is at a dull red heat, eight tons are introduced and 
spread out over the hearth. The last two tons are not introduced 
until five hours later. The treatment lasts twenty-four hours, and 
consists of several phases, which are the charging, the melting, the 
rabbling, fining, refining and casting. 

{d) The melting period lasts nine to ten hours, during which time 
all the doors of the furnace are closed and luted and the tempera- 
ture raised as high as possible. During this time the coal, which 
has been mixed with the charge, reduces the copper oxide, and if 
the charge has been properly made the oxides, .other than cop- 
per not being reduced, pass by virtue of their combination with 
the silica of the hearth and the silica and alumina of the coal ashes 
into the slag, carrying with them only a small amount of copper. 
The bath is rabbled, and when everything is melted, the slags 
are removed. An assay of the normal working now taken shows 
a peculiar fracture. The lower half is compact, of a copper-red 
color ; the upper half is cracked and of a dirty-red color* The 
upper surface is uneven and bubbly and irregularly sunken 
against the thin edges which first cool. If too much coal has 
been mixed with the charge, the fracture appears gray, as much 
of the foreign metal oxides have been reduced. The upper surface 
is generally convex and more or less scaly from the sulphurous 
acid given off and the lower part against the side of the spoon 
full of holes. 

(p) The removal of the slags takes about an hour. It must be 
done at a high temperature, but they are easily separated from 
the matte and do not remain attached to the tools. These slags 
are rich and form the refining slags (a). In order to separate 
the sulphur of the matte, it must be oxidized from five to six hours 
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longer. In the commencement of this operation white vapors are 
given off in abundance and are so thick as to obscure the view of 
the interior of the furnace. This smoke is composed partly of 
sulphurous acid but mostly of zinc oxide. The bath is cleaned 
quickly from the scorias in order that the air may strike its sur- 
face. To make the oxidation most effective, the doors and the 
air-openings are kept open, if the temperature of the furnace will 
allow it. The metals are oxidized, first iron, then zinc, which is 
partly volatilized and then oxidized and a considerable part of it 
carried off as vapor ; the lead, and, lastly, the nickel are oxidized. 
All of these pass wholly or in part into the slag. The copper 
being the heaviest, sinks to the bottom. The lighter materials 
rise and form small quantities of slag, which are collected with a 
wooden pole. Sticks of wood are thrown into the furnace to 
assist in the separation of the metal from the slags, which are 
tough. This oxidation and removal of slags and separation of 
the smoke lasts one and a half to two hours. Towards the last 
the smoke decreases and the scums diminish in quantity. The 
scorias which form at this time are thin, and when cold show a 
red. shining surface. They must be constantly shoved to one side 
with a wooden pole until they have accumulated in sufficient 
quantities to be removed from the furnace. 

{c) The sulphur is not yet entirely out of the copper and the 
oxidation has to be continued for about two hours more to re- 
move it. During this time the sub-oxide of copper which forms 
decomposes the remaining copper sulphide. The oxidation is 
recognized to be complete when the upper surface of the rising 
copper on the assay sample is unequal in different parts of the 
assay and is in places broken through, from which the melted 
copper flows out in little streams, looking, when cold, like worms. 
The upper surface of the assay is a very dark red and has a great 
deal of lustre. The lower surface is, however, dull and free from 
blow-holes. The copper now contains several per cent, of sub- 
oxide of copper and a very little sulphur. 

{d) The bath is now ready for poling. To effect this a pole 
of wood seven to eight metres long is placed in the furnace with 
its butt end towards the fire-bridge and supported on the outside 
of the door, tight against its upper side by a crutch of wood. The 
hydrogen, carbides of hydrogen and carbonic oxide produced by its 
burning cause the bath to boil and produce a separation of the sul- 
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phurous acid and the reduction of the sub-.oxide of copper. Very 
soon after the commencement of the boiling, the assays taken no 
longer rise, the color is without lustre, dark red, and the assay is 
slightly sunken in the middle, and, when broken, shows a bluish- 
red fracture with a cubical crystalline structure, in which there 
are only a very few small bubble-holes. The crystalline struc- 
ture is a sure sign that the oxidation has been carried far enough. 
If it does not show itself it will be rarely true that the sulphur 
is all gone, and the oxidation will have to be repeated until it is. 
When the poling is continued, the cubical fracture disappears 
entirely and it becomes granular. The copper oxide makes the 
red color of the assay dark on the surface, while in the lower part 
there are spots which are lighter. In the following assays, the 
red becomes brick red on the fracture of the assay and the structure 
is more or less fibrous. The upper part, which, until this time, has 
been dull, becomes somewhat stringy in the middle of the button 
and a more or less large hollow space appears. After this, the assay 
looks stringy and fibrous and a separation takes place in about one- 
quarter of the height of the assay, from which the threads and 
fibres run with regularity towards the sides. In casting, the upper 
surface sinks and in its middle a dark point appears. When the 
assay is broken, a hollow space is shown under this point. When 
the poling is continued this disappears. The fracture on the 
underside becomes finely fibrous, but granular on the upper. Im- 
mediately under the upper surface, a strip o.ooi m. to 0.002 m. wide 
appears, which has a shining, metallic lustre, in which with the 
magnifying glass fine bubbles, due to the escape of the last traces of 
sulphurous acid may be seen. The whole upper surface has the 
same appearance, but it cannot be seen by the eye. When the 
copper is wholly fined, the upper surface of the assay is bright 
and covered with little rosettes, which can only be seen with a mag- 
nifying glass. The upper surface is slightly concave. The frac- 
ture appears fine-grained, the color is a uniform brick-red and 
begins to have a visible metallic lustre. This period lasts from two 
to two and a half hours. In the meantime, on account of the doors 
being constantly open during this time, the temperature of the bath 
has fallen considerably, which helps the separation of the sulphur- 
ous acid. 

(e) At this time, all the openings into the furnace are carefully 

closed. The surface of the metal is covered over with hard-wood 
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charcoal to prevent further oxidation, and the heat raised during 
one-half to three-quarters of an hour. When the bath has at- 
tained the proper temperature, the refining commences, which has 
for its object the complete reduction of the copper oxide. This 
is accomplished by poling repeatedly from fifteen to twenty minutes 
at a time. The assay shows at the commencement the same brick- 
red color, but with little lustre, and is hard and brittle on account 
of the sub-oxide of copper contained. The poling has now only 
the chemical effect to reduce the sub-oxide by means of the car- 
bonic oxide and the carbidesof hydrogen produced by the burning 
of the wood. During this period the assays must be constantly 
taken, as the reduction takes place very rapidly. The original 
dark color decreases with every assay, while the metallic lustre 
increases. The process is finished when the whole surface of the 
fracture is silky and shows the red of metallic copper and is fine- 
grained throughout, while the upper surface on cooling does not 
sink, which it always does when sub-oxide is present. 

(/) When the assay shows these characteristics, which can only 
be detected accurately after long practice, the poling must stop, 
otherwise the copper would be in danger of becoming over-poled. 
If it is continued, although there is no sub-oxide present, shining 
white strips appear, first on the fracture and then on the surface 
of the assay, which increase in width little by little and form hol- 
low places with a yellow lustre and render the copper impure. 
The period of poling lasts three-quarters of an hour. 

When the metal is impure and contains arsenic or bismuth, it 
becomes red-short. It was formerly the opinion that over-poled 
copper was caused by the formation of copper carbide, as carbon 
was frequently found in small quantities in such copper. Accord- 
ing to the researches of Dr. Hampe, of Clausthal, it appears that 
the phenomena of over-poling are caused by an absorption of the 
carbonic-oxide produced by the burning of the wood and ab- 
sorbed by the metal. These researches show that in this condi- 
tion, arsenic and bismuth make the copper red short, for both these 
metals may be present in the metal with sub-oxide of copper dis- 
solved in it and as such do no harm in small quantities, but they 
became harmful when they are reduced by over-poling. When 
the metal becomes over-poled, it will have to be fined and refined 

again. 

VOL. xii — 15 
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(g) After the copper has been thoroughly refined, it must be 
cast, which takes from two to two and a half hours, and during 
this time the metal often goes back, that is, takes up oxygen, so 
that frequent assays must be made to ascertain if this is so, and in 
that case to repeat the poling as often as may be necessary. 

The amount of refined copper of the best quality produced from 
the ordinary desilverized residues is 67.7 per cent, to 68 per cent, and 
about 16 per cent, of scorias, which are sent to Siege Hiitte to be 
treated. From the rich matte it is from 71.5 per cent to 72 per cent, 
with 10 per cent of residues. Of the first, there were produced in 
1888, 1 1017 tons, and of the last, 163 1 tons. Both kinds are cast into 
bars and stamped with the mark M R A, and are used for making 
brass and belong to the finest grades made in commerce. When 
copper for rolling is to be made, about 7^ kilos of lead, evenly 
spread over the surface, is added to the charge. This makes the 
copper very soft for rolling, but all of the lead can never be re- 
moved, and it injures the quality of the copper for any other pur- 
pose. The following series of analyses is interesting as showing 
the progress made at Mansfeldt in the purity of its products. 
These analyses are arranged chronologically, commencing when 
the works made black copper. 

Refined copper made from black copper : 



2860. 

Iron, .... 0.065 

Nickel, .... 0.31 1 

Lead, .... 0.780 

Copper, .... 98.358 

Silver, .... 0.028 

Oxygen, 

Sulphur, .... 0.043 

Refined copper from black copper : 



Z864. 

Iron, 0.069 

Nickel, 0.409 

Lead, 0.169 

Copper, 99.277 

Silver, ...... 0.024 

'Oxygen, 0.096 



1864. 


1864. 


1864. 


0.068 


0070 


0.054 


0.468 


0.455 


0.345 


0.316 


0.574 


0.593 


99.120 


98.401 


98.375 


0.028 


0.020 


0.022 




0.640 


0.59' 




0.009 


0.025 



Z864. 


1868. 


0.059 


0.044 


0.327 


0.437 


0.120 


0.132 


99.274 




0.025 


0.031 
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Refined copper made from the desilverized products : 













Extra Con- 


Rosette 


Black 


Ordinary Residues. 


centrated 


Copper. 
x86o 


Copper. 


1872. 


1887. 


1888. 


matte, 1888 


Iron, . 0.065 


0.059 


0.065 0070 


0.025 


0.016 




Nickel, . 0.31 1 


0.327 


0.343 0.262 


0.268 


0.240 


O.I 21 


Lead, . 0.780 


0.120 


0.043 0108 


0.071 


0.049 


0.030 


Copper, 98.358 


99.274 


99.50 99.485 


99.491 


99.587 


99745 


Silver, . 0.028 


0.025 


0.026 028 


0.024 


0.025 


0.028 


Sulphur, 0.043 




•••••• «•• • • • 









The following are the analyses of the cast copper for brass roll- 
ing during 1879-80 : 



)• 



1879. 



Iron. ' Nickel. Lead. Copper., Silver. 



Jan ! 0.271 




99.496 



0.299 , , 

1 I 
0.974 

0.306 I i 99.503 

0.306 99.533 

0.295 1 1 99.500 

0.290 1 99.560 

99.500 

99.576 

I 
, 99.520 



0.297 



0.042 I 99.5x2 



0.249 I I 99.508 



0.008 
0.030 
0.030 
0.028 
0.029 
0.030 
0.032 
0.026 
0.032 
0.030 
0.028 
0.027 



1880. 



Iron. 

0.025 
0.044 



0.132 
0.131 
0.042 



NickH. 



0.059 
0.034 



0.259 
0.241 
0.219 
0.233 
0.231 
0.240 
0.247 

0.253 
0.275 



0.032 ! 0.263 



0.239 
0.268 



Lead. Copper. ! Silver. 



0.056 
0.043 
0.103 
0.103 
0.043 
0.049 
o.o6t 
0.017 
0.055 
0.071 
0.053 
0.077 



99.536 

99.509 
99,460 

99.5*0 
99-550 
99.530 
99.402 

99-524 
99.394 
99.447 
99-446 
99.4>4 



0.029 
0.030 
0.030 
0.030 
0.029 
0.029 
0.029 
0.030 
0.038 
0.030 
0.030 
0.028 



The scorias {a) which come from the refined copper are taken to 
Siege Hiitte below Hettstedt and by a reducing action in the shaft 
furnaces, with the addition of 15 percent, of lime as a flux, made into 
black copper with 92 per cent, of copper, and this is made in a 
blown furnace into blister copper,' with 98 per cent, copper, and 
from this with the addition of some lead and phosphide of copper, 
made into a ductile copper for rolling, which is used for rods, 
bars, and all kinds of sheet copper, and is known as B copper, and 
sent to be rolled and hammered at Rothenburg and Eterrswalde. 
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The composition of the copper for rolling was, in i8to: 

Iron. Nickel. Arsenic. Lead. Copper. Silver. 

March, 0366 0.144 0.259 99.110 0.016 

April, 0.358 0.1 15 0.259 99.1S4 0.016 

May, 0.314 0.1 19 0.134 99.270 0.016 

June, a389 0.081 0.235 99.190 0.020 

July, . . 0.019 o.3'4 0.133 0.155 94.129 0018 

September, 0.378 0.105 0.137 99.167 0.018 

October, . . 0.024 0.394 0.1 16 0.206 99.192 0.020 

December, 0.405 o.ioi 0.235 99.^24 0.018 

Other analyses are given below : i and 2 are of the mark M R 
A for brass, which is the best copper made ; 3 to 6 are for rolling. 
3 was made out of the desilverized residues at Gottesbelohnung 
Hiitte, 4 was made at Sieger Hiitte from slag, 5 and 6 copper for 
rolling made out of slags.* 

Cast Copper. Sheet Copper. 

X. a. 3. 4. 5. ,6. 

Iron, .... 0.024 0.037 trace, trace. 0.024 0.019 

Nickel and cobalt, . 0.317 0.279 0.298 0.467 0.394 0.314 

Arsenic, . . . 0.025 0.030 0.061 0.116 0.131 

Lecid, . . . 0.016 0.042 0.204 0.206 0.206 0.155 

Copper, . . . 99.442 99.512 99.340 99.198 99.192 99.129 

Silver, . . 0.026 0.028 0.023 0.014 0.020 0.018 

They are expecting to manufacture from the extra concentrated 
matte residues and from the raw matte from Koch Hiitte made 
from the specially pure ores, a copper containing 99.8 per cent, of 
copper. 

8. Treatment of the Scorias,\ — The refining slags (a) are smelted 
at Siege Hiitte in a shaft-furnace, which is 6 m. high and has two 
tuyeres on opposite sides. It has an interior hearth which is 
made of quartz bricks, and is tapped every hour. The slags a 
are smelted with 15 per cent, of lime and 10 per cent, to 15 per 
cent, of masses taken from the fining and refining furnaces, and 
600 K. of fluxes. The coke required is 16 per cent, to 17 per 
cent, of the charge. The furnace is blown with cold blast. The 
acid bricks of the hearth are eaten away in three to four days and 
require repair. At the end of three weeks they must be renewed. 
When the slags produced contain more than i ^ per cent, of cop- 
per, they are treated with the necessary fluxes in the same fur- 

* Berg und Hiittenmilnische Zeitung, 1887, p. 482. 
f Berg und HUttenmS.nische Zeitung, 1887, p. 489. 
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nace, and when they are poorer they are thrown away. The cop- 
per {b\ made from these scorias contains : 

Iron, 0.267 0.423 

Cobalt, '. 0.193 1 3448 

Nickel, 3137) 

Arsenic 1.107 o 128 

Lead, 2.733 3-558 

Copper, 92.100 91.854 

Silver, 0.012 0.013 

98.549 99.424 

This IS treated in 10- ton charges in a large blown reverberatory 
furnace for thirty hours, when it is poled. The blister copper {c) 
produced contains 97 j4 per cent, of copper and .015 per cent, of sil- 
ver. It is cast in sand moulds and produces refining scoria (^) rich 
in nickel. The copper is treated with lead, 7^ kilos being added to 
a charge of nine tons, and copper for rolling is made, which is 
called B refined, and is made into sheets at Rothenburg and Eterr- 
walde. The composition of this copper is shown in the analyses 
Nos. 5 and 6 p. 55, refining slags are produced with it {e). 
Every year from ii,ooo to i2,ocx) tons of this copper is made, 
which, on the average, contained in 1888 : 

Nickel, 0.427 

Lead, • 0.163 

Copper, 99.213 

Silver, 0.013 

The fining slags {d) are melted with lime and furnace hearths 
in a shaft-furnace and produce an impure copper (/). with 65 per 
cent, to 66 per cent, of copper. This is treated for blister copper 
(^), with 97.5 per cent, of copper, and added in small quantities 
when the blister copper (c) is refined. The very rich nickel alloys 
(A), with 33.8 per cent, to 35.5 per cent, of copper and 29.008 
per cent, to 32.2 per cent, of nickel and cobalt, are stamped and 
sent to the cobalt blue works. Of this, in 1888, 65.6 tons were 
produced. The slags from the slag smelting are treated in a shaft- 
furnace with pyrites and matte. The refining slags {e) are smelted 
by themselves in a shaft-furnace, and produce impure copper (/), 
which is treated for blister copper, which is refined. The slags 
(y) are melted with pyrites for a raw matte rich in nickel. The 
slags from the shaft- furnaces which were produced by smelting 



2i8 THE QUARTERLY. 

the substances rich in nickel, which contained 2 per cent, of 
copper and 5 per cent, to 7 per cent, of nickel, are smelted with 
the addition of 20 per cent, to 25 per cent, of pyrites until they 
contain less than i ^ per cent, of copper, and a copper made which 
contains 12 per cent, to 13 per cent, of copper and 16 per cent, 
to 18 per cent, of nickel, which is sold. The resulting rich matte 
contains : 

Copper. Nickel and Cobalt. 

13.75 18.17 

12.55 15.66 

14.10 19.24 

About 90 tons of this material are produced every year. 

Very small quantities of arsenic, antimony and bismuth make 
the copper unfit for many uses. o. i per cent, of arsenic or anti- 
mony makes it red-short and unfit for brass or ^ire. Bismuth is, 
if anything, worse. 0.05 per cent, makes it strongly red-short and 
perceptibly cold-short beside. They do not often occur, but when 
they do, the copper must be treated until they disappear. 

The total production of copper in 1889 was 15,330 tons, which 
cost 454,138.39 marks. The sales amounted to 15,925.25 tons, 
the largest quantity ever sold in any one year. 84,821.97 kilos 
of silver were also sold in the same year. 

The production of copper, in tons, for three years is given 
below : 





1887. 


1888. 


1889. 


Sheets of all kinds. 


12,927.8 


11,083.26 


12,096.30 


Boilers, .... 


857.2 


837.51 


68582 


Boiler bottoms. 


714.6 


425.82 


660.S4 


Round and square bars, . 


732.6 


1355.65 


i89ao4 



A BRIEF REVIEW OF THE LITERATURE ON ORE- 
DEPOSITS. 

By J. F. KEMP. 
(Continued from Vol. XI., p. 359.) 

V. 

Geological surveys, under the auspices of the national govern- 
ment, were early instituted in the United States in connection 
with the various exploring expeditions into the western country. 



I 
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Except in the case of Foster and Whitney's survey of the Lake 
Superior region (1850-51) such work in the East, until within the 
last decade, was done entirely by the several States. We have as 
the result a few volumes descriptive of the geology along the 
routes traversed by the different parties, but these cover only 
small and isolated portions of the whole area. After the close of 
the war, surveys were organized on a more extended scale. In 1867, 
the Geological Exploring Expedition of the 40th Parallel was 
authorized by Congress under the direction of the War Depart- 
ment. Clarence King was appointed director, and his reports 
were made to the chief of the United States engineers. In the 
same year the Geological and Geographical Survey of the Territo- 
ries was instituted and placed under the control of the Department 
of the Interior. F. V. Hayden was put in charge, and his reports 
were addressed, to the Secretary of the Interior. Likewise, in 
1867, the United States Geographical and Geological Survey of 
the Rocky Mountain Region was authorized and placed under 
the direction of the Department of the Interior. Major J. W. 
Powell was put at its head, an3 the reports were made to the Sec- 
retary of the Interior. In 1869, the United States Geographical 
Surveys west of the looth meridian were organized by Act of 
Congress and placed under the War Department. Lieutenant G. 
M. Wheeler was appointed director.. The reports were addressed 
to the chief of the United States engineers.* 

The fact that these surveys often covered the same territory, 
and the conflicts, jealousies and lack of efficiency brought about by 
their being under different departments drew the attention of the 
National Academy, and through its influence, in 1879, the United 
States Geological Survey was established, consolidating the whole 
governmental work of a geological character under one responsi- 
ble head, attached to the Department of the Interior and closely 
connected with the National Museum. Clarence King was the 
first director, but aft:er one year's service he resigned, and was 
succeeded by Major J. W. Powell, the present incumbent. Under 

* In this connection, see 43d Congress, ist Session, Exec. Doc, No. 240, p. 6. ; 
1st Ann. Rep. Dir. U. S. Geol. Surv. (Clarence King), 1880, p. 4.; Powell's Testi- 
mony Before the Joint Commission, 49th Congress, ist Session, Senate Misc'l Doc, 
No. 82; Presidential Address of J. C. Branner before Section E. of A. A. A. S., 
1890, printed in Amer. Geo!., Nov., 1890. Powell's testimony gives a concise ac- 
count of geological surveys in all countries, p. 418. 



220 THE QUARTERLY. 

Major Powell's able administration the survey has accomplished 
some very grand results, and to its work the literature of ore-de- ' 
posits owes some of its most valuable monographs. 

The results of the 40th Parallel Survey were embodied in seven 
final reports and an atlas. Of these, volume iii., on Mining In- 
dustry, is of especial interest, but many observations of local sig- 
nificance are recorded in volume ii., which is entitled Descriptive 
Geology. Volume i,, on Systematic Geology, by Clarence King, 
discusses the broader structural relations for which volume ii., by 
Arnold Hague and S. F. Emmons furnishes many of the details. 
The report on Mining Industry opens with a general discussion 
by Clarence King, of the distribution of the western mining dis- 
tricts and shows that, to a certain extent, they occur in zones on 
the great lines of structural disturbance.* A chapter on the Com- 
stock Lode follows, also by Clarence King. This is discussed 
later, p. 221. The engineering and metallurgical features of the 
operations on the lode are subsequently treated by J. D. Hague, 
and the chemistry of the Washoe process by Arnold Hague. Cen- 
tral Nevada next receives attentioS, and the technical operations 
are again described by J. D. Hague, while the geological portion 
is treated by S. F. Emmons and Arnold Hague. From the pen 
of the former comes the paper on the geology of the Toyabe 
Range, which embraces the Reese River mining region, with its 
high grade silver-ores in narrow veins, mostly in granite Arnold 
Hague describes the geology of the White Pine District, with its 
rich silver-ores in Devonian limestone. Mr. Emmons adds a short 
account of the gold quartz-veins of Egan Canon. Passing over 
the chapter on the Green River coal-basin, by Clarence King, we 
find a general account of the mining resources of Colorado {1869) 
by J. D. Hague, and.then by the same writer, an excellent descrip- 
tion of the gold deposits of Gilpin countyf and the silver deposits 

* This theme was first elaborated by VV. P. Blake in the Report of the California 
Slate Board of Agriculture, 1866. It has also been discussed by R. W. Raymond, 
Geographical Distribution of the Mining Districts in the United States, Trans. Inst, 
Min. Eng.yX,^ 33 ; by G. F. Becker, in vol. xiii., Tenth Census, p. 5, and A. J., S. iii., 
vol. 28, 1884, p. 209; and S. F. Emmons, The Structural Relations of the Ore-De- 
posits, Trans. Inst. Min. Eng.^ 16, 804. 

t These deposits have likewise been described by S. F. Emmons, Tenth Census, 
vol. xiii., p. 68; F. M. Endlich, Hayden's Survey, 1873, p. 280; A. N. Rogers, Trans, 
Inst. Min. Eng., vol. ii., p. 289 ; A. Lakes, Annual Report Colorado State School of 
Mines, 1887, p. cii. 
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of Clear Creek county.* The reports pass over the mines of the 
Bingham and Cottonwood canons, south of Salt Lake City, and 
the omission is to be regretted, as good detailed descriptions of 
these districts are much needed. Their general geology is some- 
what discussed in volume ii., p. 443. 

The volume on Mining Industry was one of the very first reports 
on the western regions of unbiassed character and written in a 
really scientific spirit. It deserves the highest praise and to its 
credit it may be said that it now is a quite rare book and difficult 
to obtain. 

The publications of the U. S. Geological and Geographical Sur- 
vey (Hay den's) consist of twelve annual reports, bulletins, miscel- 
laneous contributions and a series of monographs. Of these, the 
annual reports contain essentially the material of economic interest 
and this only in scattered places. That of 1869 (combined reports, 
1867, 1868, 1869), p. 201, has a chapter by Persifor Frazer, Jr., on 
the Mines and Minerals of Colorado, which, while especially con- 
/ cerned with Gilpin and Clear Creek counties, has also notes on a 

trip south along the eastern slope into New Mexico. The report 
for 1870 is confined to Wyoming, and its economic part deals espe- 
cially with coal. The report for 1871 describes southern Montana 
and has but few references interesting in this connection. The same 
is true of the volume for 1872, which deals with portions of Montana, 
Idaho, Wyoming and Utah. For the next few years, operations 
were mostly confined to Colorado. The report for 1873, p. 275, 
contains a report by Dr. F. M. Endlich, on the mining districts of 
Colorado, which, after a brief general introduction, takes up Gilpin 
and Clear Creek counties and gives some very excellent cross- 
sections of the veins. The same region is again referred to in the 
report for 1876, p. 117. In the report for 1874, Dr. Endlich 
briefly describes the veins of the San Juan region, then but littbi 
developed. The subsequent volumes, while filled with valuable 
geological material, contain almost nothing demanding further 
mention here. On June 30, 1879, the survey ceased to exist by 
law. 



* Reference may also be made to S. F. Emmons, Tenth Census, vol. xiii., p. 70 ; to 
the Eng. and Min, Jour,, Feb. I, 1879. P- 73» and F^b. 19, 1878, p. 108; F. M. End. 
lich, Hayden's Survey, 1873, P* 293; R. Pearce, Proc. Colo. Sci. Soc, iii., p. 71 ; J. 
J. Stevenson, Wheeler's Survey, vol. iii., p. 351 ; F. L. Vinton, Enj. ami Min, Jour ^ 
Sept. 13, 1879. 
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Powell's survey was mostly confined in its operations to the 
plateau region along the border of Colorado and Utah, and the 
reports and monographs contain little concerning ore-deposits. 
The survey of the Black Hills was, however, also undertaken and 
placed in the charge of Henry Newton and W. P. Jenney. The 
economic portion is from Jenney, and was first issued in 1876 as 
a separate report of 71 pages and a map. The entire report came 
out in 1880, after the lamented death of Newton. Mr. Jenney*s 
chapter on the mineral resources deals especially with the aurif- 
erous gravels, and as the region was but then thrown open to pro- 
spectors, is largely of the character of a scientific reconnaissance 
which, indeed, was greatly needed. 

Wheeler's Survey issued eight quarto volumes with one supple- 
ment, a series of annual reports -of progress and certain special or 
miscellaneous reports. Of these, volume iii. of the quarto series 
and its supplement, as well as several of the annual reports, merit 
passing attention. Volume iii. and supplement give a general 
account of the geology of Nevada, Utah, Arizona and Colorado, 
by Messrs. Gilbert, Marvine, Howell and Stevenson. In Howell's 
report, p. 257, there is a description of the Raymond and Ely vein 
at Pioche, Nev., and of the others near it, with several geological 
sections. This is followed by a brief account of the great magnet- 
ite deposits of southwestern Utah with analyses. In the supple- 
mentary volume there is to be found (pp. 389-406) a brief sum- 
mary of the economic resources of southern Colorado and north- 
ern New Mexico. Volume i. of the quarto reports has lately 
appeared (1889). Although it is often stated in the annual reports 
that this would contain a full account of the mines of the region 
covered, for some reason such mention is of the briefest nature. 

The annual reports are to be found as appendices to the annual 
reports of the chief of engineers. That of 1869 contains scattered 
references to mines in southeastern Nevada, and the one for 187 1 
has many notes on eastern Nevada and northern Arizona, espe- 
cially by G. K. Gilbert. The report for 1872 mentions the mines 
in western Utah and eastern Nevada. The reports for 1873, 1874 
and 1875 contain nothing of interest in this connection, except, 
perhaps, the mineralogical report in the last-named (App. G 2, p. 
97) on northern New Mexico and southern Colorado. Appendix 
H 2 of the report for 1876 has a mineralogical and geological de- 
scription of northeastern California, with some unimportant notes 
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on the veins of California, and an analysis of the Temescal tin-ore. 
In Appendix H 4, A. R. Conkling has a brief account of the 
Spanish Peaks and the Culebra, Cimarron and Taos ranges in 
Colorado and New Mexico. In 1877, J. A. Church was placed 
on the Comstock, and in the volume for this year and the next 
makes a preliminary report. His completed work was afterward 
separately printed and is noted under the general review of the 
Comstock literature later. The reports for 1878 and 1879 have a 
series of further notes on the mining districts of California. 

As stated above, about 1879-80, all the four surveys were merged 
into the present United States Geological Survey. No small por- 
tion of the resources of the latter has been devoted to the de- 
tailed study of mining districts, and the monographs now to be 
reviewed have resulted. 

The great amount of gold and silver produced by the Comstock 
Lode has made it one of the most famous of mining districts. 
The vast extent of the excavations, the remarkable heat phenom- 
! ena, and the interesting eruptive rocks, which form its walls have 

all drawn scientific attention upon it to an unusual degree. The 
early report of von Richthofen (now professor in the University 
of Leipzig) was made in 1865 for the Sutro Tunnel Company, and 
was privately printed in San Francisco. Although the explora- 
tions then were only a fraction of what was accomplished later, 
von Richthofen seems to have outlined the geological structure 
with great skill. He showed that the ore-body filled a fissure on 
the contact between a so-called syenite and an eruptive rock that 
he called propylite. The ore and gangue were thought to have 
been brought up from below by solfataric action, in which fluo- 
rine, chlorine and sulphur were the principal dissolving agents. 
He gives a general comparison of the Comstock with other noted 
silver mines the world over, and from these considerations seeks to 
draw inferences about the portions not then reached. Later de- 
velopments and studies have largely confirmed his predictions. 

The Comstock lay in the strip studied by the survey of the 40th 
Parallel, and received much attention from Clarence King. The 
results of his studies made in 1867 and 1868 are embodied in vol- 
ume lii. of the final reports. Mr. King brings out forcibly the 
fact that the foot-wall of the vein is but the natural continuation of 
Mt. Davidson, and that the vein fills a fissure between the syenite 
of which Mt. Davidson consists, and the late Tertiary eruptive 
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rocks poured out against its flank. The geological succession of 
these and the filling of the vein from solfataric action attendant on 
a thin dike of andesite, which found its way into the old contact 
fissure, are successively traced. 

The survey west of the looth meridian under Capt. Wheeler, 
also found the Comstock in their field, and J. A. Church, about 
ten years after Clarence King's visit, studied the vein and reported 
on it. Meantime, the determinations of the rock species had been 
changing from time to time, as will be briefly summarized later^ 
and the rock of Mt. Davidson, called above syenite, was found to 
be diorite by Zirkel. Mr. Church* imagines this to have poured 
out originally in thin horizontal sheets, which were folded in east 
and west folds. This was to account for the bendings of the lode 
as now seen. On the diorite was poured out next the propylite, 
likewise in successive horizontal sheets. Then they were all tilted 
along a north and south axis and eruptions of andesite penetrated 
between their beds in very large amount. Further movements 
forced the convexities of the first-formed folds against the andesite 
and crowded their substance sidewise to some extent into the 
synclinals. This movement slightly parted the sheets, affording 
water-courses through which rose silicious Abaters. These dis- 
solved away the neighboring sheets, leaving extensive quartz 
bodies in their places. They also removed the andesitic caps. 
No ore was formed as yet. Now followed great trachyte erup- 
tions on the east and loaded down the hanging-wall of the lode 
so heavily as to cause a downward movement of it on the foot, 
making a new series of openings, and into these poured the ore- 
bearing solutions which brought the precious metals. No one 
who intelligently follows this explanation will doubt that Mr. 
Church is a very ingenious man and yet few would be inclined to 
have much confidence in this long unnatural hypothesis when a 
simpler course will lead to the same results. 

At the time of Mr. Church's visit, the workings were becom- 
ing very deep, and the great heat was manifesting itself, which 
has been since such an obstacle. Flooded drifts, it was thought, 
had been noticed to grow hotter, and from this the remarkable 
hypothesis of kaolinization was conceived. It was that the kao- 
linization of the feldspar in the deeply-buried rock occasioned 

* The Comstock Lode, its Formation and History, Wiley, 1879. 
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the heat of the lode. With the reprganization of the geological 
surveys, in 1879, one of the first steps was to place Mr. G. 
F. Becker on the Comstock to make a further study. Explora- 
tions had meantime opened up much new ground, both horizon- 
tally and in depth, and the opportunities were better than ever. Mr. 
Becker pushed his studies under Mr. King's brief administration 
and completed them after Major Powell had assumed the director- 
ship. They were published in 1882, as Monograph III. of the 
U. S. Geological Survey.* Mr. Becker first describes very briefly 
the general economic and geological relations of the district and 
then summarizes the work of his predecessors.f This is followed 
by a discussion and determination of the rocks of the district. A 
few changes are introduced in the classifications of previous writers, 
and the extended alteration- of the rocks described and com- 
mented upon, as it figures largely in the hypothesis later advocated 
for the origin of the ore. Chapter IV. traces the results of fault- 
ing, and it is shown that under conditions like those prevailing, 
the surface would tend to assume an outline approximating a 
logarithmic curve. The surprisingly close coincidence of the pro- 
file with such a curve is remarkable. It is shown by figure in 
Plate XLVII. of the abstract in the Second Annual Report. Mr* 
Becker next takes up the rocks in their time succession and dis- 
cusses the chemical nature of the changes in them. After de- 
scribing the lode itself, the origin of its metalliferous contents is 
traced as follows. Waters under hydrostatic pressure from the 
heights to the west are supposed to have percolated towards the 
lode passing through deeply-buried regions of heat. They were 
probably diverted from rising directly through the lode by an 
impervious clay seam and were thus forced to soak through the 
diabase hanging, relieving it in passage of the metals which were 
afterwards deposited in the higher portions of the lode. The 
metals themselves were probably largely derived from the augite of 
the rock. Mr. Becker had associated with himself, for the sake of 
studying the heat phenomena (and especially the hypothesis of 
kaolinization) and the electrical manifestations of the lode. Dr. 
Carl Barus. The results of Dr. Barus' careful experiments throw 

* A concise abstract appears in the Second Annual Report of the Director U. S. 
Geological Survey, 1880-1881. 

f In the preceding review, this summary has been of great assistance^ as its con- 
densation of the other authorities could scarcely be improved upon. 
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great doubt on kaolinization as a source of heat * The electrical 
experiments were not very satisfactory and were carried on also at 
Eureka, Nev. No very definite results were reached.f In Chap. 
X., an interesting summary of what had been done by previous 
electrical investigations is given. A general summary of the mono- 
graph concludes the volume. An atlas of beautifully printed maps 
and sections accompanies the report. The volume is a fine piece 
of careful work and reflects the greatest credit on the author and 
the survey. 

The correct determination of the eruptive rocks neighboring 
to the Comstock has been of great importance, not alone because 
of their scientific interest, but as bearing on the fact as to whether 
the lode itself was a contact-fissure between two different rocks, or 
whether it was a simple fissure-vein. It is worthy of note, that in 
connection with it, von Richthofen developed one of the first im- 
portant attempts to classify the volcanic rocks, and that Hague 
and Iddings have finally urged that the peculiar crystalline struc- 
tures of all eruptive rocks depend primarily on the heat and pres- 
sure (f>., depth below the surface) under which they have solidi- 
fied, destroying thus the time-element in classification. Von 
Richthofen, in the report for the Sutro Tunnel Company, and in 
his later memoir on *' The Natural System of the Volcanic Rocks,"J: 
distinguished in the Washoe district syenite, metamorphic rocks, 
'quartz-porphyry, propylite, sanidine-trachyte, and very subordi- 
nate andesite. Mr. King referred much of the propylite of von 
Richthofen to andesite, but retains the propylite as a distinct 
species, although remarking the close affinities of the two. He 
calls the quartz- porphyry, quartz-propylite. In other respects no 
changes are introduced. Zirkel§ determined the syenite as granu- 
lar diorite, and while accepting hornblende-propylite and quartz- 
propylite as separate species, called the greater part of the 
quartzose rock dacite. He introduces for the first time augite- 
andesite, rhyolite and basalt. Mr. Church paid less attention to 
lithology, and uses the terms of his predecessors somewhat loosely. 
Mr. Becker makes the following classification : Granular diorite 
porphyritic diorite, micaceous diorite-porphyry, quartz-porphyry, 

* See also the Quarterly, vol. vi., Nov. 1884, p. i. 

f See also Proc, Inst, Min, Eng.^ vol. xiii., p. 417. 

J Cal. Acad, of Sci , 1867. Also ZeUs<kriftd, d Geol, GeseL, 1868, 663. 

{ 40th Parallel Survey, vol. vi. 
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earlier diabase, later diabase, earlier hornblende-andesite, augite- 
andesite, later hornblende-andesite, and basalt. In this it will be 
seen that several new varieties are introduced, but the main mass 
of Mt. Davidson was still considered diorite, and the vein was 
thought to lie between this and some of the other species men- 
tioned, especially diabase. In 1885, Arnold Hague and J. P. Id- 
dings completed new microscopical studies upon the materials 
collected by Mr. Becker, and the results were published as Bul- 
letin 17, of the U. S. G. S.* These two writers had had more to 
do with the eruptive rocks of the Great Basin and Pacific Slope 
than any other geologists, and brought to the review an excep- 
tional experience. Nowhere else in the world are such exposures 
and thorough sections afforded, alike in depth and horizontal ex- 
tent. They proved that the diabase and augite-andesite shaded 
into each other, the differences in crystallization being due to 
depth. That the hornblende of the so-called diorite was largely 
secondary from original augite, being derived by paramorphic 
change (uralitization), and that the diorite was but a structural 
variety of the diabase. That the porphyritic diorites shade into 
the earlier hornblende-andesites, and are structural varieties of 
them. That the mica-diorites and later hornblende-andesite were 
indentical in the same way. That the assumed Pre-Tertiary age 
of the quartz porphyry was unwarranted, and that it was partly 
dacite and partly rhyolite, the two shading into each other. That 
the younger diabase, so-ealled, of the sub-surface dike was identi- 
cal with the rock elsewhere occurring on the surface and called 
basalt, and was really a basalt, owing its holocrystalline character 
to its depth. And finally the most important conclusions of all 
in this connection (although the other conclusions are among the 
most important petrographic advances made in late years) **that 
the Comstock lode occupies a line of faulting in rock of Tertiary 
age, and cannot be considered as a contact- vein between two dif- 
ferent rock-masses." 

The crystalline structure of the Washoe rocks has been subse- 
quently treated by Mr. Becker.f The various structures, granular, 

 On the Development of Crystallization in the Igueous Rocks of Washoe, Nev., 
with Notes on the Geology of the District. 

t "The Washoe Rocks," Bulletin Calif, Acad. Set., vol. ii., p. 93, Jan. 1887, and 
the ** Texture of Massive Rocks," American Journal of Science^ iii., vol. xxxiii., p. 50, 
1887. 
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porphyritic and glassy — are referred more to differences in compo- 
sition and fluidity than to circumstances of solidification. 

In monograph IV. of the survey, Mr. Eliot Lord has described 
the miners and the methods of mining employed in the lode. 

In monograph VII., J. S.Curtis takes up the silver-lead deposits 
at Eureka, Nevada. These mines were rendered famous by the 
great litigation between the Eureka and Richmond companies in 
1877. A large number of leading experts were brought together 
to testify as to the character of the deposits with very contradictory 
results. Mr. Curtis shows that the deposits are in a zone of lime- 
stone of Cambrian age, which has been fractured and crushed by 
an extensive faulting movement. Through this the ore-bearing 
solutions circulated and deposited the ore in the form of sulphides, 
probably by replacement of the limestone. * The subsequent 
oxidation, rearrangement and shrinking of the sulphides left fre- 
quent caves above the masses of ore. The author favors this view 
rather than the idea that there were pre-existing caves in which 
the ore was originally laid down, although he gives this explana- 
tion a full and fair statement. All the ore-bodies are connected 
with more or less strongly marked fissures which doubtless served 
as conduits for the original solutions. Mr. Curtis expresses him- 
self as unable to classify them according to their shapes, as these 
are so irregular, and refers them to the category described by the 
German term " stock." A very careful series of assays of the 
country-rocks was made to determine the probable source of the 
ore. These seem to indicate that it came from a quartz-porphyry 
outcropping in the neighborhood and thought to be extensive 
beneath. From this the metals are thought to have been derived 
by the leaching action of heated waters rising from below. The 
memoir is an excellent piece of work and maintains the high 
standard set by the survey. The general geology of the district 
is treated in a separate monograph by Arnold Hague (yet to be 
issued). 

Monograph XII. is devoted to the geology and mining industry 
of Leadville, and is from the pen of S. F. Emmons. The work 
was begun under King's administration and completed and pub- 
lished in 1886 under PoweH's. A preliminary abstract appears in 
the Second Annual Report of the Director, 1882. The work, 

* The Quarterly, vol. x., pp. 122 and 329. 
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which consists of one large volume of 770 pages and 45 plates, 
and an atlas of 35 sheets, opens with a brief history of Leadville 
and an account of its general geography. The general geological 
structure of Colorado follows and a detailed description of the 
Mosquito Range, lying just east of Leadville itself. The moun- 
tains consist of Archaean gneisses and schists on which were 
deposited up to the close of the Cretaceous io,ocx) to 12.000 feet 
of conformable sedimentary beds. About the close of the Creta- 
ceous a great intrusion of eruptive rocks into these sedimentary 
strata took place, piercing them as dikes and penetrating between 
the beds in enormous sheets. The mineral solutions bringing the 
ores followed the eruptive rocks and formed the deposits chiefly 
along the under contact of the sheets and the upper sides of beds 
of blue dolomitic limestone belonging to the Lower Carboniferous. 
The elevation and faulting of all followed in the general up- 
heaval of the Rocky Mountains at the close of the Cretaceous or 
about the beginning of Tertiary times. The geology of Leadville 
itself is then described and the numerous faults carefully traced. 
A general discussion of the geological phenomena follows.* The 
petrographical description of the eruptive rocks was entrusted to 
Dr. Whitman Cross, and forms an appendix to this portion of the 
report which is Part L Part II., on Mining Industry, opens with 
a general and suggestive essay on the classification of ore- deposits 
and then discusses those of Leadville in particular. In addition 
to what is mentioned above, it is brought out that the ores were 
doubtless deposited as sulphides, and when the containing lime- 
stone was at least io,coo feet beneath the surface, and that they 
are now mostly earthy lead carbonates with cerargyrite, limonite, 
manganese. compounds and a variety of other minerals due to their 
position, as now mined, being in the oxidized zone. Many inter- 
esting facts about the alteration of sulphide ores are brought out 
here and subsequently. The thesis regarding the origin of the 
ores which the writer proposes to prove, is then briefly stated as 
follows : 

I. That they were deposited from aqueous solution. 
II. That they were originally deposited mainly in the form of 
sulphideF. 

* In this conneciion, Emmons' paper, Orographic Movements in the Rocky Moun- 
tains, Bull. Geol. Soc. of America ^ vol i., p. 245, is of interest. 
VOL. XII. — 16 
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III. That the process of deposition was a metasomatic inter- 

change with the material of the rock in which they were 
deposited. 

IV. That the mineral solutions "or ore-currents concentrated 

along natural water-channels, and followed by preference 
the bedding planes at a certain geological horizon, but 
that they also penetrated the adjoining rocks through 
cross joints and cleavage planes. 
The following points are also advanced : 
I. That the solutions came from above. 
11. That they were derived mainly, from the neighboring erup- 
tive rocks. 
The structure of the several hills, Iron, Carbonate and Fryer 
and the outlying mining districts, are next discussed by way of 
arraying facts from which to draw an argument. In Chapter VI., 
this is made in support of the above propositions. It is exceed- 
ingly able and deeply interesting. The general facts are incon- 
trovertible, and the replacement origin is very generally accepted. 
The two additional propositions that the solutions came from above 
and that the metallic contents were derived from the neighboring 
igneous rocks, are less admitted. In regard to the latter, the 
numerical mistake in the table, on p. 583, which makes the 
metallic contents 100 times larger than they ought to be, is a 
serious if not fatal objection. A. A. Blow,* of Leadville, has 
brought forward many facts, too numerous to mention here, as the 
results of seven additional years of mining development, which 
controvert the former, and it would seem now that the ore-cur- 
rents came from below, following chiefly the gray porphyry. F. 
T. Freeland f had previously brought out additional new facts as 
liad C. M. Rolker.| Mr. L. D. Ricketts* monograph on the Ores 
of Leadville (Princeton, 1883), appeared long before Mr. Emmons* 
final report and is a very excellent piece of work. Despite the 
objections to individual points, Emmons' work remains as a monu- 
ment of careful record and skilful treatment, and in method and 
results is a notable addition to the literature of the subje9t. 

* See A. A. Blow, Geology and Ore-Deposits of Iron Hill, Leadville, Col., 
Trans, Inst, Min. Eng.^ June, 1889. In briefer form the paper was previously pub- 
lished in the Annual Rep. of Stale School of Mines, Golden, Col, 1887. 

t F. T. Freeland, Trans. Inst, Min, Eng., 14, 181. 

J CM. Rolker, Trans, Inst, Min. £ng., 14, 273 and 949. 
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Monograph XIII. is devoted to the quicksilver-deposits of the 
Pacific Slope, and comes from the pen of G. F. Becker. Alike in 
the general and economic geology and the petrography of Califor- 
nia, it adds much that is new to our knowledge, and dealing as it 
does with one of the very few significant districts where ore-deposi- 
tion is now going on (see Quarterly, July, 1890, p. 360) the book 
gives some much needed insight into the actual chemistry of the 
origin of ores. While not appropriate in this place to state too 
much of purely geological interest, it maybe said that Mr. Becker 
indicates that granite underlies the Coast Range, and has probably 
afforded the material of the later sediments. These are both 
metamorphic and unaltered sediments. The metamorphism is 
developed in rocks of early Cretaceous age (Neocomian) called 
the Kitoxville series, and probably took place at the epoch of their 
upheaval before the middle Cretaceous times. The metamorphic 
action is somewhat irregularly manifested, and has left in places 
unaltered portions that show the original sediments sometimes 
with a few fossils. The metamorphic rocks are grouped as partially 
metamorphosed sandstones, granular metamorphic, glaucophane 
schists, phthanites and serpentine. It is shown that a sandstone 
passes into rocks closely resembling holocrystalline eruptive rocks 
— two varieties of which are called pseudo-diabase and pseudo- 
diorite,* from their close resemblance to diabase and diorite. The 
phthanites are highly silicified shales. The serpentine is derived 
from original fragmental rocks, at times through the intermediate 
stage of the granular metamorphics. The importance of these 
changes as throwing light on the possible origin of Archaean 
schists, etc., which is such an active question at present, cannot be 
passed without comment. 

Following the Knoxville comes the Wallalabeds, first separated 
and identified by Mr. Becker. They are found in two widely 
separated areas, one north of San Francisco, the other in southern 
California, and are of Middle Cretaceous (Turonian) age. Follow- 
ing the Middle Cretaceous came a great depression of the Coast 
Range and the deposition of the Chico or Upper Cretaceous, and 
this deposition continued conformably with change of fauna 



 J. D. Dana had previously applied the terms metadiabase (shortened form of 
metamorphic diabase) and metadiorite to similar rocks from Connecticut — and it would 
have prevented a duplication of terms to have employed them. — See American Journal 
of Science^ iii., vol. xi., p. 119. 
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through the Tejon (Eocene) series. The Miocene is not sharply 
distinguished except by change in fauna, but at its close came the 
great Post-Miocene upheaval determined by Whitney. The sub- 
sequent sedimentary deposits are only a few Pliocene lake beds. 
After the Miocene immense outbreaks of andesites occurred at 
intervals until the close of the Pliocene, and during the Quaterr 
nary and up to modern times there have been recurrent basaltic 
outflows. The cinnabar-deposits are chiefly in the metamorphic 
rocks of the Knoxville, but they are found also in all the later 
sedimentaries and in the eruptive rocks likewise. They are always 
associated with the latter, either close at hand or somewhat remote^ 
and probably owe to them the heated circulations which have 
brought the ores to their present resting places. The cinnabar is 
almost always directly associated with quartz, and while •chalce- 
dony and opal are in great quantity in the mines, they are not 
in actual contact. It occasionally is embedded in calcite. Metar 
cinnabarite is sometimes abundant enough to be an ore. The other 
principal associated minerals are pyrite and marcasite. Chalcopy- 
rite is known, as are gold, stibnite, millerite, bitumen and some 
rarer ones. 

The cinnabar is proved in every case to fill pre-existing cavities, 
and these are shown to be dependent on fissures, although at times 
to be quite irregular. The author is led to a general discussion of 
mineral veins (p. 407) and suggests the terms linked vein (German 
Gangzug) for a series of associated fissures, and chambered vein for 
a vein that has at intervals, wide places and enrichments of the 
walls, such as are usually called stockworks or impregnations 
associated with a vein. For the large irregular bodies along the 
outcrop, the term cap chamber is suggested. 

The chemistry of the deposition is shown to depend on the solu- 
bility of cinnabar in solutions of sodium sulphide with which it 
forms several sulpho-salts. Sodic hydrate, sulphydrate and car- 
bonate may be present without preventing the solution. Ammonia 
at ordinary temperatures and pressures prevents the solution, but 
not at 145^ C. As ammonia is found at Sulphur Bank and escapes 
toward the surface, this reaction is cited as the cause of precipita- 
tion. (Compare Leconte, as cited in Quarterly, July, 1890, pp. 
360-361.) Elsewhere, precipitation is chiefly referred to diminished 
temperature and pressure. Attempts were made with great suc- 
cess to imitate in the laboratory the natural operations, and too 
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much praise cannot be given to such endeavors to bring these pro- 
cesses out of the domain of speculation into that of actual experi- 
ment and demonstration.* The source of the cinnabar is thought 
from many suggestive facts, to be in the granite, but although 
analyses of fresh rock yielded antimony, arsenic, lead, copf)er, gold 
and silver, no mercury was detected. Its absence is attributed to 
the variability in the composition of the granite. 

In general, it maybe said that the monograph is a very thorough 
and suggestive book and is beautifully gotten up. While it is 
probable some of the conclusions, geological and otherwise, may 
not be admitted without discussion, such a course would lead to 
even better results. Sulphur Bank and Steamboat Springs have 
attracted such general attention in previous years that considerable 
has been already written on them- It may be regretted that in 
speaking of these and, indeed, of the other deposits, Mr. Becker 
did not give a short summary of what had been previously done, 
that a reader at a distance might be the better informed. Leconte's 
papers and those of others receive the briefest if, indeed, any men- 
tion at all. 

The annual volumes of the U. S. Geological Survey on Mineral 
Resources, of which six have now been issued, are essentially 
statistical. But except in the case of the precious metals, much 
of great interest is to be found on ore-deposits, and the books 
often contain material not accessible in other quarters. They 
began with the volume for 1882. The first three were under the 
superintendence of Albert Williams, Jr. ; the last three have been 
under David P. Day. 

Two volumes of the Tenth Census contain much that is valuable 
in this connection. Volume xiii., which is devoted to the precious 
metals, affords the most thorough and reliable general sketch of 
the geology and mining industries of the West yet issued. The 
work was done by S. F. Emmons and G. F. Becker, under the di- 
rection of Clarence King. Under the two general divisions of the 
Pacific Coast and the Rocky Mountains, each State and Territory 
is taken up, and after a geological sketch its ore-deposits are de- 
scribed by counties. 

Volume XV. is devoted, so far as geological features are con- 
cerned, to iron and coal,, for while there are tables relating to the 

• A summary will be found in the Amer.Jaur. ScL, iii., XXXIII., p. IQ9, 1887. 
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production of the other base metals, there is nothing further 
'except some metallurgical descriptions. Iron-ore deposits are 
treated in great detail. The work was done under the direction 
of Raphael Pumpelly, by E. R. Benton, B. T. Putnam, Bailey Wil- 
lis and W. M. Chauvenet. The opening general essay, by Pum- 
pelly. is the best and most complete discussion yet published on 
the iron-ores of the United States, and gives much that is sugges- 
tive as regards their origin. The remainder of the report contains 
a detailed account of the mines by States, beginning with Maine 
and working westward. The report also contains a short paper 
by N. S. Shaler on the Mica Mines of New England, p. 833. 

Reference has already been made to the series of reports by the 
U. S. Commissioner of Mineral Statistics. (See the Quarterly, 
July, 1 889, p* 331.) After the publication of these was suspended, 
the annual reports of the Director of the Mint covered much the 
same field. For several years, however, the latter have been only 
statistical of the precious metals, as the other ground is- fully cov- 
ered by the volumes of the U. S. Geological Survey on Mineral 
Resources. 

Addendum. — In the mention of the individual works above, the 
results attained by the synthetic experiments of the French should 
have been referred to. This branch of mineralogy has been espe- 
cially cultivated among them, and is interesting, in that it throws 
much light on the processes by which minerals have formed in 
nature. The Etudes Synthetiques de Geologie Experimentale^ Paris, 
1879, of A. Daubree, has several opening chapters devoted to 
ore-deposits. Tin-ores are first treated. The very general asso- 
ciation of fluorine and boron compounds with tin gave a hint as 
to the line of experiment. As tin fluoride was not readily acces- 
sible, tin chloride was vaporized and introduced into a heated por- 
celain tube or crucible, together with steam or with carbonic acid. 
In each case, artificial cassiterite resulted, and later, by a similar syn- 
thesis of phosphorus-pentachloride over quicklime, apatite was 
formed. A compound corresponding to topaz resulted in another 
experiment from the proper combinations of substances. From 
this the argument is made that the tin has been introduced into 
its veins as a fluoride, and then has been deposited as oxide, while 
the other minerals containing fluorine resulted in parallel reactions. 
A second portion relates to veins of sulphide ores, and is based on 
the writer's investigations of the minerals^ which were found to 
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have formed within the historic period at the old Roman baths of 
Bourbonne. The warm springs contain sulphates of the alkalies 
and alkaline earths, bromides and carbonates of lime and iron» 
some alkaline silicates, and traces of many rarer elements. The 
interesting reactions took place on coins and other metallic objects 
which had been thrown into the principal spring by visitors from 
the time of Augustus on. Four thousand seven hundred recog- 
nizable gold, silver and bronze coins were obtained, and traces of 
many others remained in casts. Twenty-four different minerals 
were identified, among them, ores of copper, lead and iron which 
had resulted from the action of the spring water on the coins, etc* 
A subsequent chapter treats of platinum-deposits. 

Mention should also be made of the volume by Fouque and 
Levy on the Synthese des Mineraux et d s Roches^ Paris, 1882, in 
which is a detailed statement of all the artificial experiments in the 
formation of the various minerals made up to that date, with notes 
on their application to veins. The Handbuch der Mineralogie of 
Dr. Carl Hintze now being issued in parts, brings the same subject 
down to date. 

In the foregoing brief review the attempt has been made to give 
an intelligible account of the progress of scientific thought as 
applied to ore-bodies in order that in a connected perusal the 
broader development of the subject might be traced from its 
beginning to the present time. Right conceptions and standpoints 
can thus be formed from which to formulate further hypotheses. 
The literature needs additions, especially from those in position 
to make observations, and for such it is hoped the review may 
prove useful. Naturally no complete and detailed bibliography is 
given, for which there has been no room, and in the plan of the 
paper such could not find a proper place. 

Cornell University, Ithaca, N. V, 



PROPERTIES OF PRECIPITATES, ETC. 

By E. waller, Ph.D. 

One division of Fresenius* book on Quantitative Analysis treats 
of** Forms," in which are given the properties of the various forms 
in which substances are separated for the purpose of weighing and 
determination. 
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It has seemed to the writer that those properties might be de- 
scribed in a manner more convenient for reference and also that 
there might be added the properties of various precipitates, etc., 
which are used in analytical work for purposes of separation. Of 
course, only those properties are considered which have a bearing 
on the usual manipulation of the different substances. For con- 
venience the information has been grouped under the heads : 

•* Remarks " {Rem.), giving points not properly belonging under 
any of the succeeding heads. 

Conditions {Cond.), referring to the character of the solutions in 
which the separation can be made. 

Solubilities (Sol.), under which the influences of different sol- 
vents which may be used in ordinary work are considered.* 

Contaminants {Contam^, which is restricted to those substances 
only which would not be expected to precipitate if alone under the 
conditions obtained. 

Ignition [Ign.), or the behavior of the compounds designated 
on heating to a high heat in the way usually pursued with most 
of them. Under this head it is also necessary to consider the effect 
of ignition in contact with filter-paper or other carbonaceous sub- 
stances indicated for brevity as " C." 

A table is given which is intended to indicate at a glance the 
precipitates, etc., used and the forms in which they are weighed 
in case that is the object in view. Of course, the forms desig- 
nated as for weighing can also be used for purposes of separation. 

{NH,\ PtCl,. 

Rem, — Precipitant. PtCl*. 

Yellow, perceptibly crystalline if formed slowly. Sometimes it 
is dissolved from the piper by hot water into a weighed capsule, 
and the solution evaporated, thus avoiding the uncertainties in- 
volved in the use of weighed filters. 

Cond, — Solution should contain only chlorides. Sodium salts 
only permissible. Solution should be cold, slightly acid, con- 



* The terms " soluble" and ^ insoluble," as used in text-books of analytical chem- 
istry are usually misunderstood by students. The terms are used in a relative — not in 
an absolute— sense, tf.^., when a precipitate is said to be " insoluble" the meaning 
u-iually is that under ordinary conditions of work, with a moderate bulk of solution, 
etc , the degree of solubility is so small that no material error is involved by regard - 
ing the separation as complete. 
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sisting chiefly of strong alcohol ; an excess of PtCl^ should be 
present. 

SoL — Somewhat soluble in cold, more so in hot, water. Fairly 
insoluble in strong alcohol, though more soluble than the corres- 
ponding potassium compound. Solubility in alcohol diminished 
by addition of ether. Its solubility also increases more rapidly 
by a rise in temperature or the dilution of the alcohol. Solubility 
increased by acid (HCl) or by alkali, diminished by PtCl4 or Naj 
PtCl,. 

Contain, — NaCl which is not very soluble in alcohol. If suffi- 
cient PtCh has been added to form NajPtCI^, the amount of con- 
tamination is small. The NajPtCI^ crystals are more strongly 
colored and different in shape (needle-shaped) so that they can 
be readily detected. Can be removed by a short digestion with 
cold alcohol. 

Ign, — Decomposed, leaving spongy platinum. Unless the heat 
is slowly raised some Pt may be volatilized with the products of 
decomposition. 

KCL 

Rem, — Obtained by evaporation of the solution, and gentle ig- 
nition. Frequently, when in admixture with NaCl. the sum of 
the chlorides is thus obtained, and the KCl determined by PtCl^, 
the NaCl calculated, or the chlorine is determined and the pro- 
portions calculated. Salts containing K combined with acids 
capable of expulsion' by HCl, may be evaporated with excess of 
HCl. 

Cond. — Solution should contain only chloride or salt convert- 
ible into chloride by evaporation with HCl. Ammonia salts and 
such others as may be expelled by evaporation and gentle ignition 
may be present. 

SoL — Soluble in water, less so in alcohol or strong HCl. 

Contam, — NaCl, see under remarks. If the solution has been 
long exposed to the air of the laboratory, it usually contains some 
organic du.st, which carbonizes by ignition, requiring filtering and 
re-evaporation. 

Ign. — Decrepitates somewhat unless dried for some time. Fuses 
at a low red heat, and volatilizes at temperatures a little higher, 
a small amount of caustic alkali being usually formed at the same 
time. 
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K,SO,. 

Rem, — Obtained by evaporation of the solution, or by adding 
H,S04 to solutions containing combinations with volatile acids 
(chloride, nitrate, acetate, etc.), evaporating and igniting. In cases 
of admixture with Na salts, processes similar to those indicated 
under KCl may be used. 

Cond, — Salts forming non-volatile sulphates, or containing non- 
volatile acids (H,P04, etc.), should be absent. 

Sol, — Moderately soluble in water ; much less so in alcohol. 

Contam. — Na,S04 or other non -volatile sulphates. 

Ign. — Practically non-volatile in the heat of an ordinary Bunsen 
burner if the heat is not unnecessarily prolonged. Where the 
solution has contained an excess of H^SO*, some undecomposed 
KHSO4 always remains, which can be best decomposed, or con- 
verted into KjSO* by heating with a few lumps of solid ammonium 
carbonate. Ignited with C, K^S may be formed. The conditions 
usually obtained, however, do not afford this result. 

K,PiCU. 

Rem. — Precipitant, PtCl4. 

More strongly colored than the corresponding ammonium salt, 
but otherwise resembling it in general characters. Like that com- 
pound, it is sometimes dissolved in hot water, and the solution 
evaporated in a weighed capsule, so as to dispense with weighed 
filters. 

Cond. — Solution should be cold, alcoholic, and should contain 
preferably only sodium palts other than KCl. Chlorides or HCI 
should be present. Small amounts of Mg or Ca are permissible, 
though disadvantageous. 

Sol. — Somewhat soluble in cold, more so in hot water. In- 
soluble in strong alcohol and in ammonium salts. Solubility 
increased by acid or alkali, diminished by PtCl4 or Na^PtCl^. 

Contam, — NaCl and other salts (as sulphates) not soluble in 
alcohol. Such contaminants are most readily removed by wash- 
ing with aqueous solution of NH4CI, previously saturated with 
K,PtCl.. 

Ign, — Alone, it is imperfectly converted to KCl and spongy 
platinum; with a reducing agent (as HjC^O* 2H2O), the conversion 
is complete. The heat should not be too rapidly raised. If ig- 
nited in platinum too high a heat may fuse the finely divided metal 
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to the platinum vessel. After ignition, the KCl formed must be 
washed off with water before weighing. 

NaCL 

Rem, — See Rem. under KCl. 

Cond, — As for KCl. 

SoL — Soluble in water; much less so in strong HCl or alcohol. 
Less soluble in these menstrua than KCl. 

Contam. — KCl (see KCl) or other non- volatile salts. 

Jgn. — Decrepitates violently on heating unless very thoroughly 
dried. Fusible at full red heat and volatilized at a temperature 
but little above its point of fusion. The temperatures of fusion 
and volatilization are, however, perceptibly higher than with KCl. 
Becomes slightly alkaline on fusion from loss of CI. 

Rem, — The suggestions as to K,SO^ throughout are applicable 
also to Na^SO^ (see K^SO^) even to the formation of NaHSO^ by 
evaporation with excess of H^SOj and ignition. 

CaC,0,. 

Rem, — Usual precipitant (NH^X^CjO^. The solution of the re- 
agent had best be boiling hot when added. Precipitated cold or 
in very dilute solutions, it separates in a very fine powder. In any 
case, boiling for a short time and then adding a few drops of 
ammonia is advisable before proceeding to filter. If precipitated 
in boiling alkaline solution, the solution bumps vigorously. 
Enough oxalate should be added to convert all Mg present into 

Cond, — Best precipitated in a boiling neutral solution, which 
should contain only Mg and alkalies besides the Ca. 

Sol. — Dissolved by mineral acids, slightly soluble in acetic. 
Somewhat soluble in MgCI^. Insoluble in MgC,0^. From its 
solutions in mineral acids, ammonia or other alkalies precipitate 
it unchanged. 

Contam, — MgC204 which is removed by re-solution in HCl and 
reprecipitation by amnK)nia. If the proportion of Mg present is 
large this re-solution and reprecipitation may have to be repeated 
two or three times. Precipitating in a solution barely acid with 
HCl is most effective in separating from Mg. 
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Ign. — Affords first CaCO,, afterward CaO. Under ordinary 
circumstances the product is a mixture of the two. To obtain 
CaO it is necessary to ignite for some time over a blast-lamp. 
To obtain CaCOj, it is ignited moderately, and repeatedly moist- 
ened with ammonium carbonate and gently ignited after each 
addition. 

Ignited with H2SO4 it affords CaS04, which is frequently par- 
jtially reduced to CaS by ignition with C, requiring further treat- 
ment with H2SO4 and ignition. The easiest mode of manage- 
ment is to transfer the filter paper containing the precipitate still 
wet to an ordinary fusion crucible, and wet down with concen- 
trated nitric and sulphuric acids. Then expel the excess of acid 
with a gentle heat, and finally ignite. A second treatment with 
H2SO4 is often necessary. Instead of HjS04, a strong solution of 
(NH4)2S04, containing free ammonia and about 2 gms. NH4CI per 
100 c.c, has been recommended {vid. Crooke*s Select Methods 2d 

ed., p. 47). 

CaCO^ 

Rem. — Usual precipitant (NIl4),CO,. For separation or deter- 
mination of CO2, the reagent is CaCI, with ammonia. Usually 
obtained for separation. At first it separates in flocculent or 
amorphous form, but after a short time assumes a crystalline form. 
This change is hastened by warming gently. 

Cond. — Large proportions of alkaline salts, especially citrates, 
and of magnesium salts should be avoided. An alkaline solution 
is, of course, necessary. 

SoL — Soluble in water containing COji very soluble in all acids ; 
decomposed and dissolved by NH^CI, slowly in the cold, quickly 
if hot. Insoluble in water containing ammonium carbonate with 
ammonia. 

Ign. — Converted to CaO as described under Ca2C204. The 
change is more readily effected if some carbon is mixed with it. 

MgNII.PO,, 

Rem, — Usual precipitant for Mg — Na,HPO^; for PjO^ (ortho) 
— •' magnesia mixture,** preferably that made with MgClj. 

Should be crystalline ; if flocculent, some contaminant is present. 
When the proportion of precipitate which can form is small rela- 
tively to the bulk of the solution, some hours are necessary for 
complete separation. 



242 THE QUARTERLY. 

Completeness of precipitation much accelerated by cold and 
agitation. 

When washed as usual with diluted ammonia^ alkaline phos- 
phate (NajHPO*, etc.) is not very rapidly removed, the salt being 
liss soluble in ammonia than in water. 

Cond, — Absence of silica or any bases other than alkalies. 
NH4CI or ammorrium salts should be present. 

Sol, — Solution should be cold for precipitation and filtration. 
Soluble in acids, even when weak, in hot solutions and, to some 
extent, in cold water; insoluble in dilute ammonia. 

Contain, — Silica and Mg(0H)2 or basic salts of Mg. The latter 
is only likely to occur when the precipitate is used for the purpose 
of determining PjOg or P. The difficulty is avoided by adding the 
Mg mixture (preferably the chloride) slowly with stirring. Silica 
maybe weighed and deducted after ignition, weighing and dissolv- 
ing in acid. M0O3 may also occur when the molybdate separa- 
tion has preceded. 

Ign, — Should be well dried before igniting. If heated too rapidly 
some loss may result from too rapid decomposition. If the filter 
paper is allowed to burn with flame, some particles of the precipi- 
tate (in weighable amount), may be mechanically carried off. The 
precipitate has afterward a tendency to sinter together at a mode- 
rately high heat, thereby preventing the oxygen of the air from 
penetrating the mass and oxidizing the carbon, the precipitate 
being left gray or black. The best mode of managing is to expose 
the precipitate for some time to a dull red after the carbonization 
of the paper, and finally, finish with the full heat of the Bunsen 
burner. If the precipitate comes black, repeated moistening with 
nitric acid and cautious ignition is to be recommended. 

Mg{OH\. 

Rem. — Usual precipitant Ba(OH)2 for separation from alkalies 
when these are to be determined. The Ba(0H)2 should be tested 
for NaOH, which is not infrequently present. 

Cond, — Alkaline solution moderately concentrated, containing 
no NH4 salts. 

Sol. — Dissolved by acids or ammonia salts. Precipitation 
partly prevented by presence of organic salts, citrates, tartrates, 
sugar, etc. 

Contam. — Usually unimportant, the object generally being to 
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remove from the solution MgO and all substances except those 
readily separable by ammonium carbonate. 

BaSO,. 

Rent. — Precipitant for SOg — BaCI, ; for Ba — HjSO^. 

Precipitated in an extremely fine state of division (runs through 
filter paper) if formed in cold or dilute solutions, or such as con- 
tain ammonia salts. Forms slowly if small in amount. 

The tendency of the precipitate to creep up the side of a beaker 
may be checked by adding a drop of HCl. 

Cond, — Hot solution acidified with HCl. Hydro-fluo-silicic 
acid or silica should be absent, also large proportions of calcium 
salts, or salts of the (NH4)2S group of bases. 

Sol, — Soluble in concentrated H^SO*. in HCl when moderately 
strong and hot, and in HNO3 even when tolerably dilute. It is 
also soluble in hot FejClg, in alkaline and alkaline earth nitrates, 
citrates, and salts of .some other organic acids. 

Insoluble in water, in (very) dilute HCl, and in acetic acid. 

Contain. — The especial diflRculty with Ba£04 is its tendency to 
carry with it other substances, as alkaline, and alkaline earth 
nitrates, chlorates, sulphates and chlorides. Potassium salts give 
more trouble in this respect than sodium salts. The precipitate 
may also contain silica, and basic ferric, aluminic or chromic 
compounds. 

Repeated boiling up with very dilute HCl, assists in removing 
some of these to a considerable extent, though there is some dan- 
ger of dissolving some of the precipitate by this treatment. Wash- 
ing alternately with hot dilute HCl, and with cold water, is often 
advantageous. Stolba's method of purifying the precipitate con- 
sists in digesting (after washing) for ten to fifteen minutes at a 
boiling-heat, with 40 to 50 c.c. of cold saturated solution of Cu 
(C2H302)2 and acetic acid, filtering and washing free from Cu (yid. 
Crooke's Select Methods, 2d. ed., p. 492). Sloane recommends for 
purification from iron, to decant the supernatant liquid closely, 
then add 5 or 10 c.c. of concent. HCl, and boil for one minute, 
dilute, and after nearly neutralizing with ammonia, filter and wash 
thoroughly {Jour, Am, Client. Soc,, iii., 37). Archbutt advises to 
precipitate warm (not boiling), allow to stand until thoroughly cold, 
and the precipitate has settled well, then to filter and wash with 
cold water {Jour, Soc. Chent. Ind,, ix., 25). Jannasch and Richards 
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assert that no correct determination of SO, can be made in the 
presence of Fe, because the precipitate always contains more or less 
of a double barium iron sulphate, from which SO3 is expelled on 
ignition. To avoid errors they therefore recommend the previous 
removal of the iron by ammonia (yi?2/r. Pr, Chem, [2],xxxix.,32i), 
{vid. also Lunge, Zts. Angew ( Aem., iSSo, 473). Ziegeler {Pharm. 
Centr., 188 1, p. 555) recommends the addition of some AgNO, to 
the solution (containing chloride) that the AgCl may enclose, and 
carry with it the particles of BaSO^. After washing with water the 
AgCl may be dissolved off with ammonia. 

Jgn. — With C some Bt S invariably forms. The difficulty may 
be remedied by adding a few drops of fuming HNOj to re-oxidize 
the S, and igniting again, or better by re-igniting after the addi- 
tion of a drop or two of cone. H3SO4. 

BaCO^ 

Rem. — At first amorphous, it assumes almost immediately the 
crystalline form in which condition it does not affect alkalimetric 
indicators. 

Cond. — Alkaline solution. 

Sol, — Soluble in water ccntaining COj and in acids. Also taken 
into solution by NH^Cl and some other ammonium salts, espe- 
cially on boiling. Insoluble in a mixture of ammonium hydrate 
and carbonate. 

Contam. — MgCOj if much is present, and carbonates of fixed 
alkalies if present. 

Ign, — Converted imperfectly to BaO, unless mixed with carbon, 
when the change occurs readily. 

Rem, — Precipitation in most cases effected by NH4OH. 

When but little ferrous iron is present, and heat is applied, a 
finely-divided red (** brick-dust ") precipitate separates, which is in- 
soluble except in concentrated HCl. 

In presence of a larger proportion of ferrous salt, black Fej(OH)8 
= Fe(OH)jf, Fe,(OH)g will separate. With more ferrous salt the pre- 
cipitate is green, the color being lighter the larger the proportion of 
ferrous salt ; and when the iron is all absolutely in the ferrous form, 
the precipitate is white. Whenever ferrous salt is present, a double 
ammonium ferrous salt forms, which remains in solution, from 
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which tHe iron slowly precipitates by absorption of oxygen, and 
conversion to the' ferric form. NH^Cl favors the precipitation of 
Fe^OH).. 

Cond, — Iron should be in ferric form, HjS should be absent. 

SoL — Soluble in acids and in solution containing citric, tartaric 
acids, etc., as well as other organic substances, glycerine, sugar, etc. 
Insoluble in alkalies. 

Contam. — Basic ferric salts, especially basic sulphate, unless the 
precipitant is in moderate excess. When precipitated by fixed alka- 
lies, the precipitate contains some alkali, which is washed out with 
great difficulty. Precipitate will carry with it phosphoric acid as 
Fe2(r04)2 in nearly sufficient quantity to form that compound. The 
excess of phosphoric acid will remain in solution unless some other 
base (Al, Ca, etc.) is present to carry it down in combination. Pre- 
cipitate may also contain nearly if not quite all of the AI, Mn and 
silica present. Mg, Co, Ni, Zn and Cu are also liable to be present 
in the precipitate, Ca also as CaCO^ if the alkaline solution has 
absorbed any CO, from the atmosphere. From these latter (Mg, 
etc., including Ca), the precipitate may be freed by one or more re- 
solutions and reprecipitations. 

Ign, — Converted to FejO,. With C, a partial reduction to FcjO^ 
may occur. Fe^Oj is restored by adding a few drops of HNOj, and 
reignition. In contact with NH4CI, may form volatile FejCI^. 

FelOH\{CJI^O\^. Basic Ferric Acetate. 

Rem, — Ferrous salts, if present, are not precipitated. If in very 
small proportion, they may induce the formation of the " brick- 
dust" precipitate alluded to under Fe2(OH)^. In analysis of iron- 
ores and manufactured irons, the reduction of the major part of the 
iron to the ferrous form, and application of the basic acetate, separa- 
tion is frequently resorted to in order t© remove the excess of iron, 
before determining phosphorus. 

Cond. — The dilute solution should contain but little free acetic 
acid. The (ferric) iron should be in the form of acetate. This 
is obtained by neutralizing the free mineral acid present and adding 
NaCjHjOy No precipitate should appear in the cold, but on boil- 
ing a few minutes (three to five) it separates completely, provided, 
not too much free acetic acid is present. Too4ong boiling causes the 
precipitate to assume a form which filters with some difficulty. 
VOL. XII. — 17 
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Sol. — Soluble in cold dilute acetic acid and in mineral acids, also 
in citrates, and other organic substances mentioned as solvents of 
Fe2(OH)g. — Insoluble in hot acetic acid only when quite dilute. 

Contain, — Salts of fixed alkalies. Silica, alutrina salts, and P2O5, 
the latter in the form of Fe2(P04)2 [see Fe2(OH)g]. The precipitate 
may also contain some Mn, Zn, Ni, Co or Cu. Mn is more likely to 
be present if the amount of NaCjHjOj added was large. The 
amounts of these last in the precipitate is much diminished by 
increasing the proportion of free acetic acid in the solution. The 
danger of having sufficient free acid to prevent the precipitation of 
all the iron is, however, considerable. By redissolving in HCl, neu- 
tralizing, adding NaCjHjOj and reprecipitating, the Zn, Ni, etc., can 
be removed. Zn usually gives the most trouble. If much is 
present, it may be advisable to precipitate in a solution containing 
enough free (acetic) acid to hold a little Fe in solution. The latter 
may be separated by evaporating the excess of acid from the filtrate. 
SiOj and Cu should be previously removed by known methods, if 
their presence in the precipitate will influence subsequent work. 

When chromium is present in the solution, the action is peculiar. 
When iron predominates decidedly, all of the chromium is precipi- 
tated with it. If the ratio of chromium to iron is nearly the same, 
not only much of the chromium, but some of the iron is retained in 
the solution. 

AllOH),. 



Rem. — In general terms the precipitate is very similar to 
Fe2(OH)g but is more easily prevented from forming, and when 
separated, being more gelatinous in character, is less readily man- 
aged. Usual precipitate, ammonia. A good method of managing 
consists in rendering slightly alkaline with ammonia, and passing 
H2S, raising the temperature at the same time gradually to boiling. 

CoNd, — Neutral or slightly alkaline solution, containing prefer- 
ably NH4CI. 

Sol, — Dissolves in acids, and in fixed caustic alkalies ; some- 
what soluble in ammonia, especially in the cold. From this solu- 
tion it may be separated by boiling out the major part of the NH,^ 
particularly if NH4CI is present. Precipitation prevented by pres- 
ence of tartrates, citrates, sugar, glycerin, etc. After boiling or 
standing for a short time, the precipitate will dissolve in acids 
(even HCl) slowly and with some difficulty. 
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- Contain. — Basic Al salts, especially the sulphate, detains PjOj 
in proportion sufficient to form AljlPOJj. May also contain Fe, 
Mn or SiOj (hydrated). Possibly, also, Mg, Zn, Co, Ni, Cu, etc., 
from which last it may be freed by resolution and reprecipitation 
except, perhaps, in the case of Zn, from which a complete separa- 
tion of Al2(OH)4 can scarcely be effected. Ca may also accompany 
it as CaCOj if the alkaline solution has absorbed COj. 
. Ign, — rConverted to AljO,. Ignited with NH4CI some volatile 
AIjCl^ may form. After ignition practically insoluble in HCK 
Converted to a soluble form by fusion with an alkaline flux. 

AllPO,\. 

Rem. — Of service in the determination of Al in manufactured 
irons and in mineral phosphates. 

Cond. — Fe, if present, should be in the ferrous form. The con- 
ditions usually produced are a solution acid with acetic, in which 
Fe has been reduced by Na, SjO,. and containing an excess of 
alkaline phosphate. This is boiled for some time. 

Soi. — Dissolves in mineral acids. Insoluble in moderately 
strong HCjHjOj. Prevented by tartrates, citrates, etc., in the 
same way as Al2(OH)5 

Contam, — Fe2(P04)2 and possibly basic ferric salt. If Fe is kept 
entirely in the ferrous condition (which is not always possible) 
this contamination would not occur. Remedied by redissolving, 
reducing and reprecipitating. Ca3(P04), (or alkaline salts if the solu- 
tion is not sufficiently dilute) may also accompany the precipitate. 
Remedy by resolution and reprecipitation. Glasei^s method for 
mineral phosphates involves the previous separation of the lime, 
as CaSOi. by the aid of alcohol {Zts, Angew Chem., 1889, p. 636). 

A/2{OII)n(C2fIi02\.n' Basic Alumina Acetate. 

Rent, — Very similar to the corresponding Fe compound. Being 
more slimy in characier, it gives more trouble in filtering and gen- 
eral management. Used for separation only. 

Cond, — The same as for the Fe compound. Practically no free 
acetic acid is admissible. Al should be in the form of acetate. 
Precipitate obtained by boiling, If boiled too long, it filters and 
washes with more difficulty. 

Sol. — Dissolves in acids, to some extent in very dilute boiling 
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acetic. If the solution after boiling is allowed to cool, a conside:- 
able proportion redissolves. Soluble, or precipitation prevented 
by citrates, tartrates, etc. The small amount almost invariably re- 
maining in the filtrate may be recovered by careful neutralization 
and boiling, or better by evaporating to dryness, and taking up 
with dilute acetic. 

Cofitam, — As for the Fe compound. Salts of fixed alkalies, 
PjOft [in proportion sufficient to form M^i^O^^^ SiO, (hydrated), 
Mn, Zn, etc. 

CrlOH\ 

Rem, — In general properties this precipitate resembles Al3(0H)^ 
and its management is similar. Its tendency to carry with it other 
substances, requires that it shall always be redissolved and repre- 
cipitated with ammonia at least twice. 

Cond. — Absence of members of (NHJ^S groups and preferably 
of all non-volatile salts. Solution must be exactly neutral (am- 
monia added in slight excess and then boiled until neutral). 
NH4CI assists the separation. 

Sol. — Dissolves in all acids, in fixed alkaline hydrates and per- 
ceptibly in excess of NH^OH. Soluble or prevented from pre- 
cipitating by tartrates, citrates, sugar, etc. 

Contam.-^SdiMs of fixed alkalies, alkaline earths, members of the 
(NHJ2 S group, etc. (Se- above. Rem) 

Ign, — Converted to Cr^Oj, in which form, if strongly ignited, it 
becomes insoluble in HCl. In presence of fixed alkalies or alka- 
line salts and in contact with the oxygen of the air, is partially or 
entirely converted to chromate. 

(To be continued.) 
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STUDY OF A METHOD FOR THE QUANTITATIVE 
DETERMINATION OF SUCROSE, INVERT- 
SUGAR, AND DEXTROSE, OR 
LEVULOSE. 

By F. G. WIECHMANN, Ph.D. 

PART 11. 

For reasons indicated in Part I. of this article,* a careful inves- 
tigation was made concerning the various conditions which affect 
the destruction of the levulose on treatment with hydrochloric acid. 
It soon became patent that in order to gain a clear understanding 
of the problem, like attention would have to be given to the be- 
havior of invert-sugar and of dextrose, under similar conditions ; 
in consequence, this investigation was extended considerably be- 
yond the limits originally intended. 

The results obtained are recorded in seven " Series of Experi- 
ments," which are given below : 

For valuable and conscientious work performed in the securing 
of these data, the writer acknowledges his indebtedness to his 
assistants, Messrs. Brainerd and Ziebolz. 

All determinations refer to 0.25 gramme, dry substance. 

Invert-sugar, dextrose, and levulose were each separately studied 
with reference to variations in : 

a. The time of boiling. 

b. The amount of acid. . 

c. The time of boiling against the amount of acid. 
These tests are given in Series i, 2, and 3. 

Series 4 and 5, treat of the behavior, under like variations of 
condition, of mixtures of invert- sugar and dextrose, and of invert- 
sugar and levulose 94.0 per cent, of the former to 6.0 per cent, 
respectively, of dextrose and of levulose. 

Series 6 exhibits the behavior of invert-sugar and dextrose, 
mixed in different proportions, when exposed under the same con- 
ditions as to time of boiling and amount of acid present 

Series 7 shows a parallel set of tests, carried out on correspond- 
ing mixtures of invert-sugar and levulose. 

* The School of Mines Quarterly, vol. xi., No. 3, 1890. 
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Series I. — Invert-Sugar. 

o,2S gramme of dry substance used in each experiment. 



Condition varied : Time of 
Boiling. 


Condition varied ; Amount of 
Acid. 


Condit 
Boilinfl 


• 

ions varied : Time of 


60C.C. HCl (6 X normal strength) 
were used in each experiment. 


Time of Boiling : Four hours in 
each experiment. 


\ and Amount of Acid. 


ill 


If all levulose, and 
only levulose, were de- 
stroyed, there would be 
reduced of t u —0.3355. 
There tutrf reduced 
of Cu: 


Amount of HCl 

(6 X normal 
strength) used. 


If all levulose, and 
only levulose, were de- 
stroyed, there would l»e 
reduced ot Cu — • 0.2355. 
There were reduced 
ofCu: 


Time ol boiling, 
inhours;am"tof 
HCl (6 X normal 
strength) used. 


If all levulose, and 
only levulose N*-ere de- 
stroyed, there would 
b<p reduced of Cu —> 
0.3381. There tuere 
recfuced of Cu : 


I 


0.2632 ] 

0.2675 V 0.2668 

0.2698 ) 


30C.C. 


o;^S}-5«7 


3 

hours. 

laocc. 


0.2254 ) •'' 


2 


0.2591 /"•••*:>"« 


60C.C. 


o1pf}-3S6 


6h'rs. 
60C.C. 


0.2300 1 ^^ 


3 


o:^^}-^^" 


90C.C. 


ojlll}-^ 




4 


o1pn-3S6 




6 


o°:^^l^}°-^9 








• 



Inspection of Series No. i, invert-sugar, teaches : 

1. That, working with the prescribed amount of hydrochloric 
acid, of six times the normal strength, a boiling-time of four hours 
is necessary to effect complete destruction of the levulose present. 

2. That, boiling continued beyond this time results in partial 
destruction of the dextrose. 

3. That, the time of boiling being the same, the action which the 
acid exerts upon the invert-sugar is directly proportional to the 
amount of acid present ; that is to say, insufficient acid will leave 
some levulose undestroyed; excess of acid will destroy some dex- 
trose in addition to the levulose. 

4. That, the time of boiling and the amount of acid used are 
directly interchangeable ; that is to say, that practically the same 
results are obtained by boiling for three hours with 1 20 c.c. of acid 
as by boiling six hours with 60 c.c. of acid. 
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Series II. — Dextrose. 

o,2S g^omme dry substance used in each experiment. 



Condition varied : Time of 
Boiling. 



60C.C. HCI (6 X normal strength) 
were used in each experiment. 



Condition varied : Amount of 
Acid. 



Time of Boiling : Four hours in 
each experiment. 



"is 

•" 2 

o^ 



If the dextrose were 

nnt attacked by the 

acid, there would be re> 

diiced of Cu =» 0.4505. 

There were reduced 

ofCu: 



°^^'^} 04337 



0.4350 



O, 

o, 



■^^v^^ 



o, 
o, 



i:?^}<'-^'^3 



o:^^i^}-398* 



0.2901 ) _ ^ . 



S-3S 
-oil. 

C C ** 

a M 
O X c 

< a 



30C.C. 



60C.C. 



90C.C. 



If the dextrose were 
nut attacked by the 
acid, there would be re- 
duced of Cu — • 0.4505. 
There vuere reduced 
ofCu: 



m O^ C 



"AW^^ 



0.3977 \ 



o:^;^|°-3982 



o:Sin°-3«" 



Conditions varied : Time of 
Boiling and Amount of Acid. 



»o cc • 
= P t; ** 



1»C.C. 



6h'rs. 
60C.C. 



If the dextrose were 
not attacked by the 
acid, there would be 
rethiced ofCu— 0.4570. 
There were reduced 
o(Cu: 



0.2973 f ^^ 



^•^9on 

o 2929 \ ^ ^ 



Inspection of Series No. 2 dextrose, shows : 

1. That, dextrose in solution is attacked by hydrochloric acid 
of six times the normal strength. 

2. That, the amount of acid used being constant, the amount of 
dextrose destroyed depends upon the length of time that the boil- 
ing is continued. 

3. That, the amount of dextrose thus destroyed is not the same 
for corresponding periods of time, but rapidly increases as the time 
of boiling is prolonged. Thus, the difierence in the amounts of 
copper reduced, is : Between one and two hours' boiling, 0.0054 ; 
between two and three hours' boiling, o.oi 20 ; between three and four 
hours' boiling, 0.0179 ; between four and six hours' boiling, 0.1069. 

4. That, the time of boiling being the same, the action which 
the acid exerts upon the dextrose is proportional to the amount of 
the acid present — the more acid, the more dextrose is destroyed. 

5. That, the time of boiling, and the amount of acid used are, 
practically, interchangeable factors. 
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Series III. — Levttlose. 

0.2S gramme dry substance used in each experiment. 



Condition veined : Time of 
Boiling. 


Condition varied : Amount of 
Acid. 


Conditions varied : Time of 


60C.C, HCl(6x normal strength) 
were used in each experiment. 


Time of boiling : Four hours in 
each exp<rimeut. 


Boiling and Amount of Acid. 


Tinae of boiling, 
in hours. 


Untreated teviilose re- 
duces of Cu » 0.4390. 

If all levulose were de- 
stroyed no Cu woiiM 
be reduced. There 
VMre rcduc«l of Cu : 


Amount of H CI 

(6 X normal 
strength) used. 


Untreated levulose re- 
duces of Cu ■» 0.4390. 

If ail levulose were de- 
stroyed, no Cu would 
be reduced. There 
•mere reduced of Cu : 


Time of boiling, 
in hours; ami. of 
HCl(6x normal 
strength) used. 


Untreated levulose re- 
duces of Cu •« 0.4338. 
If all levulose were de- 
stroyed, no Cu would 
be reduced. There 
^Dtrt reduced of Cu : 


I 


02716) 

2746;°-^73i 


30C.C. 


^:S}-'^3o 


% h'rs. 
I26C.C. 


°°Si8\ 0.0545 
0.0572 /"• ^^^ 


3 


0.2082)^^,^^ 

0.2162 r-^'" 


60CC. 


^•^il}oo««' 


6 h'rs. 
60CC. 


°-°^^^loo473 

0.0477 r "^7 •> 


4 


0.0878 ) ^ «a _ 
oo886r''°^^ 


90C.C. 


0.0370 \ 

oo376/°-^373 




6 


°^^^^ \ 0.0473 

0.0477 r ^'^*^ 




 







Series No. 3, levulose, shows : 

1. That, the amount of acid being constant, the amount of 
levulose destroyed depends upon the length of time that the boil- 
ing is carried on. 

2. That, the time of boiling being constant, the amount of levu- 
lose destroyed is proportional to the amount of acid used. 

3. Thaty the time of boiling, and the amount of acid used are, 
practically, interchangeable factors. 

Series No. 4 and No. 5 (see pp. 253 and 254) exhibit the de- 
terminations made, respectively on mixtures of invert-sugar (94 per 
cent.) with dextrose (6 per cent.), and with levulose (6 per cent). 

Both series show : 

1. That, the amount of acid remaining constant, the time of 
boiling determines the extent to which the sugars are decomposed. 

2. That, thfe time of boiling remaining constant, the extent to 
which the decomposition is effected is dependent upon the amount 
of acid present. 

3. That, the time of boiling, and the amount of acid used, are, 
practically, interchangeable factors. 
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All of these tests, made on mixtures of invert-sugar and dex- 
trose, and invert-sugar and levulose, respectively, are simply- con- 
firmatory of the results obtained by the experiments made with 
these substances individually. 

In addition to establishing these facts, Series 4 and 5 show — as 
was to be anticipated — that the length of time during which the 
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Series IV. — Invert-Sugar and Dextrose. 

(94.0 jfe.) + (6.0 %,) 

o^S gramme dry suistanct used in Mck exptrimenL 



Condition varied : Time of 
Boiling. 


Condition Taried : Amount of 
Acid, 


Conditions varied: Time of 


60 C.C, HCl (6x normal strength) 
were used in each experiment. 


rime of Boiling : Four hours 
in each experiment. 


Boiling and Amount of Acid. 


Time ofboiling. 
in hours. 


If all levulose, and 
only levulose were de- 
stroyed, there would be 
reduced of Cu — 0.2526. 
There wert reduced 
of Cu: 


i a 

lit 
< " 

60C.C. 


• 

If all levulose, and 
only levulose were de- 
stroyed, there would be 
reduced of Cu ^^ 0.2526. 
There tiuere reduced 
ofCu: 


.£ .^ E 'v , If^ i^ll levulose. and 
^ & 3 3 0<r/ylevulosewerede- 
.2 * c^ stro>ed, there would 
"o S,©*- 1 be reduced of Cu — 
J! o—ci 0.2526. There wert 
S^'OS, reduced of Cu: 


I 


0.2848 > ^ ,« , 
0.2864 /""-'^^ft 


S:^^i}o-4.3 


1 
7h'rs.! 02289I 
120C.C. 0.2300 r"93 


2 


0.2570 )q _o- 

0.2600 r^-^5»5 


1 

1 


6h'rs. 
60 C.C. 


"Sll"30» 


3 


o-^^^}-5'5 




• 

1 


4 


o.^^I}°-4.3 


6 


o"^^^l}o«S3 











boiling must be continued in order to destroy all of the levulose, 
depends upon the amount of levulose present. Thus, in the mix-^ 
ture consisting of invert-sugar 94 per cent., plus dextrose 6 per 
cent., three hours yield a result most closely approximating the 
theoretical value; and, in the case of the mixture of invert-sugar 
94 per cent, and levulose 6 per cent., four hours were needed to 
obtain this approximation. 
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Series V. — Invert-Sugar and Levulose. 

(94-0 %.) + (6.0^.) 

0.25" gramme dry suiKtance used in eaeh experiment. 



Condition varied : Time of 
Boiling. 



60 C.C. HCI (6x normal strength) 
were used in each experiment. 



Condition varied : 
Acid*, 



Aniouat of 



Time of Bbillng: : Four hours in 
eaoh experiment. 



c 

i = 
C o 

E — 



If all levulose, and 
only levuloso were de- 
stroyed, there would be 
reduced of Cu "" 0.2256. 
There were reduced' 
ofCu: 



V^AV^^^ 



o:.T6}-^4.o 



^-6 

o J:^ 

o ?r c 

B -^ *. 

< :f 



60C.C. 



liac.c. 



If air levulose, and 
^ifi^ levulose were de- 
stroyed, there would he 
reduced of Cu = 0.2238. 
Vhere were reduced 
ofCu: 



Conditions varied: Time of Boil- 
mg and Amount of Acid. 



r 

rx"© "H _■ 

3ESS 



If all levulose. and 
only levulose were de- 
stroyed, there would 
be reduced of Cu — 
0^2238. There were 
reduced of Cu : 



O12280I 
0.2252 > 



a 2266 



0.2347 
0.2370 



} 0^359 



0.228b 
0.2252 



1- 



2266 



o 2088 > „ ,^a 

0.2108 r-**^^ 



^:;^il}-969 



^h'rs. 0.2182 \^^,,_ 
mCC. 0.2152}° ^'^7 



6hVs. 0.2088) 
60 C.C. 



0:2108 r-^°98 



Series No. 6 and No. 7 (see pp. 255 and 256) show the effect of a 
CDnstant amount of acid, with constant time of boiling, on different 
mixtures of invert-sugar and dextfose, and of invert-sugar and 
levulose. 

The values obtained in series No. 6, with one exception (ratio 
95 : 5), all show that less copper was reduced than should have been 
reduced. 

Tlie values in series No. 7 all show, without exception, that more 
copper was reduced than should have been reduced. 

The significance of these data is evident. 

In the case of invert-sugar (series No. i), where the proportion 
of dextrose to levulose is as I : i, four hours* boiling with 60 c.c. 
HCI (6x normal strength) resulted in a destruction of the levulose 
almost theoretically perfect. 

Series No. 6 demonstrates that, if the substance operated upon, 
under the same conditions named above, does not consist of dex- 
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trose and levulose in the proportion i : i, but contains an excess 
of dextrose, dextrose as wetl as levulose is destroyed. 

Series No. 7 demonstrates that, if the substance operated upon 
under the same conditions, does not consist of dextrose and levu- 
lose in the proportion i : i,t)ut contains an excess of levulose, the 
levulose is not all destroyed. 

It is therefore proved, that this method of analysis cannot serve 



\ 



Series VI. — Invert-Sugar and Dextrose. 

0,2^ gramme dry substance used in each experiment. 

In each instance : 
Time of Boiling, 4 hours. Amount of HCl (6x normal strengih) = 60 C.C. 



Ratio of 
Invert-Sugar to Dextrose. 


If all levulose, and only levulose 

were destroyed. 
There would be reduced of Cu : 


There wtre reduced of Cu : 


50 : 50 


0.3460 


0.3215 \o 7217 
0.3218 j°-^^'7 


60 : 40 


0.3238 


^•3»o6l 
03II2 /^"-^"^ 


90 : 10 


02572 


0.2573/ ^ ' 


94 : 6 


0.2526 


X^^V^n 


95 : 5 


0.2462 

• 


otla}-49. 


98 : 2 

• 


0.2392 


0.2365 ) 

0.2380 > 0.2383 
0.2405 j 



for the determination of the relative amounts of rnvert-sugar, dex- 
trose, or levulose, when these occur together. . The solution of this 
problem, if it is to be attempted on these lines, calls for the dis* 
covery of some reagent which will, under all circumstances, destroy 
absolutely the one of these sugars, dextrose or levulose, and not 
affect the other. 

Such a reagent" would prove of the greatest value for the study 
of important problems in connection with the sugar- industry, and 
by its aid we might also hope for the disclosure of some of the 
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Series VII. — Invert-Sugar and Levulose 

0.2s gramme dry substance used in each experiment. 

In each instance : 
Time of Boiling, 4 hours. Amount of HCl (6x normal strength) = 60 C.C. 



Ratio of 
Invert-Sugar to Levulose. 


• 

If all levulose, and <7w/y levulose 

were destroyed. 
There would be reduced of Cu : 


There xutre reduced of Co : 


SO : 50 


0.1177 


o:;^i}-7o6 


60 : 40 


0.1413 


o;l,1I}-/« 


90 : lo 


• 

0.2119 


o:Lt}-^ 


94 : 6 


0.2238 


o:«5}-"^ 


95 : 5 


0.2233 


0.2254 " 
02263 
0.2303 
0.2307 J 


0.2282 


98 2 


0.2308 


0.2410 ' 
02410 
0.2430 
0.2440 


\ 0.2423 



most closely-guarded secrets of nature's laboratory — ^the formation 
of saccharine juices in the vegetable kingdom. 



JAMES BUCKTON MACKINTOSH.* 

James Buckton Mackintosh was born at Bebington, Cheshire, 
England, December 29, 1859. His mother died in England while 
he was a very young boy, and he was brought up by his father's 
niece, who took the education of the children after his mother's 
death. He was educated at Liverpool Institute schools, where 
he showed great promise, beinj head of his classes in mathe- 



* See Froniispiece. 
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matics, chemistry, and electricity. At the local examination, held 
May, 1873, he passed first, and was declared, "An Associate' in 
Arts of the University of Oxford." He also held a certificate issued 
by the Science and Art Department of the Council of Education 
of England. In August, 1873, l^>s family removed to this country. 
Shortly after, he entered the School of Mines; from which he 
graduated in 1 877, with the degree of E.M. and C.E. Immediately 
after graduation, he entered the Metallurgical Laboratory, where 
he remained until August, 1886, when he resigned to take the 
position of an instructor in chemistry at Lehigh University, Beth- 
lehem, Pa. He had hardly begun the work in the Metallurgical 
Laboratory, before he commenced to develop original methods 
of investigation, and to show aptitude for research as well as 
accuracy of determination that was remarkable in so young a man, 
and foreshadowed the distinguished position that he occupied, and 
the much more distinguished position that all his friends think he 
would have occupied if his life had been spared. He very soon 
became an authority in all matters relating to analytical chemistry. 
By the time he left the Metallurgical Laboratory, it was full of 
ingeniously contrived apparatus and accurately devised methods 
for chemical research and mineralogical determination. He was 
amongst the first, and was one of the most prominent in devising 
new methods lor accurately determining very minute amounts of 
the constituents of iron and steel, and of correcting errors of pre- 
vious methods of analysis. When the colored gems came into 
fashion, he very quickly became an authority in determining them, 
and invented new, rapid, and accurate methods of distinguishing, 
not only between the false and the real, but also between the dif- 
ferent varieties of all kinds of precious stones. It was not long 
before he became an expert in the determination and analysis of 
new and rare minerals, and his name will always be associated 
with some of the determinations of very uncommon constituents 
in some of the very rare minerals found for the first time in this 
country, such, for instance, as Herderite. His first analysis of this 
mineral was repudiated by both European and American experts ; 
but it was not long before it was recognized that not only his 
analysis was correct, but his methods were more accurate than any 
of those which had been previously used ; and from that time his 
work was unquestioned. When there came a commercial demand 
for the salts of the rare metals Thorium and Lanthanium, and the 
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preparation of Zirconium on a large scale, he was among the first 
to present practicable methods for their extraction from the min- 
erals which contained them, and the preparation of their salts on 
a commercial scale. 

Not being content with his position at Lehigh, after occupying 
it for some time, he left it on May ist, 1888, to accept the position 
of chemist of the Consolidated Gas Company of New York, which 
position he occupied at the time of his death. 

At the time of his death, he was a member of the American 
Institute of Mining Engineers, the American Chdmical Society, 
the Society of Chemical Industry of London, and the Societe 
Chimique de Paris. For the publications of these societies he made 
frequent contributions. 

He was short in stature, but very quick and active in his physical 
movements as well as in his mental processes, and he was as accu- 
rate as he was quick. His manner was quiet and gentle. He took 
his ground in professional questions resolutely, and was rarely 
faulted in his determinations. In 1883 he was appointed one of the 
editors of the School of Mines Quarterly, taking the literary 
part of the work in the editorial department, . and to his able 
editorship this review owes a great deal. He resigned the editor- 
ship in 1888, before he returned to New York, he being at that 
time in Bethlehem, and unable to attend to the duties of the edi- 
torial chair. 

On the 29th of December, 1888, he married Miss Mary Hend- 
forth. He died on April 15, 1891, leaving his widow with a boy 
fifteen months old. His loss will be greatly felt at the School of 
Mines, in the profession, and among his very many friends. 

T. E. 

The following is a possibly incomplete list of articles by Mr. 

Mackintosh: 

Chemical News. 

On the Determination of Graphite in Minerals, Vol. 51, p. 147. 

Jottrnal American Chemical Society. 

On the Action of Hydrofluoric Acid on Silica and Silicates, Vol. 

VIII., p. 210. 

American Chemical Journal, 

The Electrolytic Determination of Copper, and the Formation 
and Composition of so-called Allotropic Copper, Vol. IIL^p. 354. 
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The Volumetric Determination of Manganese, Vol. V., p. 290. 
A New Method for the Determination of Phosphorus in Iron 
and Steel, Vol. VII., p. 296. 

An Improved Form of Elliott's Gas Apparatus, Vol. IX., p. 294. 

Amerii. an Journal of Science, 

On Herderite, a Glucinum Calcium Phosphate and Fluoride, 
from Oxford County, Maine, Vol. 27, p. 135. WithW. E. Hidden. 

On the Composition of Herderite, Vol. 28, p. 40T. 

Titanic Iron Sand from Brazil, Analysis of. Vol. 29, p. 342. 

On a New Thorium Mineral, Auerlite, Vol. 3f6, p. 461. 

Native Irpn Sulphates, from Chili, Vol. 38, p. 242. 

Yttria and Thoria Minerals, from Llano County, Texas, Vol. 
38, p. 474. With VV. E. Hidden, 

Eudialyte from Arkansas, Vol. 38, p. 494. With W. E. Hidden, 

On the Occurrence of Polycrase, or of an AlHed Species, in 
North and South Carolina, Vol. 39, p. 202. With W. E. Hidden. 

Transactions of ike Institute of Mining Engineers^ 

A New Method of Determination of Phosphorus in Iron and 
Steel, Vol. 14. p. 38.5. 

Electrolytic Determination of Copper, and the Formation and 
Composition of the so-called AUotropic Copper, Vol. 10, p. 57. 

Note on the Influence of Organic Matter and Iron on the Volo- 
metric Determination of Manganese, Vol. 13, p. 39. 

The Volumetric Determination of Manganese, VoL n, p. 79. 

A Crystalline Subs^lphide of Iron and Nickel, VoL 17, p. 117. 

School of Mines Quarterly^ 

Action of Hydrofluoric Acid on Silica and Silicates, Vol. VIL, 
p. 384, Vol. VIII., p. 115. 

Graphite, Determination of in Minerals, Vol., VI., p. 159. 

Herderite a Calcium and Gluci>num Phosphate and Fluoride 
Vol. v., p. 131. 

Manganese Methods, Vol. VI., p. 35^ 

Note on Iron-Ore Analysis, VoL I., p, 137. 

Separation of Nickel and Cobalt from Iron, Vol. VIII., p. 335. 

Some Causes of Error in Blank Analyses, Vol. IX., p. 81. 
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[Analytical Chemistry, by E. Waller.] 

Impurities in Potassium Suiphocyanate, Hendrick {Chem, I^tws, 
Ixiii., 130), found a sample of this reagent which contained 60.44 P^r 
cent. KCl and 31.01 KCyS. On evaporating and crystallizing out a so- 
lution of the n\aterial, cubical crystals were obtained. It was noted that 
in presence of much alkaline chloride, KCyS itself will crystallize in 
cubes. 

Separation of Barium ^ Strontium and Calcium, Russman {Fres. Zeits 
Anal. ChinUy xxix., 447), gives the result of experiments on different 
methods. 

FrericKs chromate separation of Ba. Neutral K,CrO^ gave a pre- 
cipitate always retaining some K^CrOi. In presence of acetic acid 
and NHiCjHjO,, Ba could be readily separated from Ca, also from Sr 
in dilute solutions, provided the ratio of Ba to Sr was about 50 Ba to 10 
or 15 Sr. With larger proportions of Sr it was unsatisfactory. BaCiOi 
could not be determined by ignition. Dissolving the BaCiO^ in HCl, 
adding KI and titrating I, gave unsatisfactory results. The best results 
were obtained when very dilute HCl was used, and the titration was im- 
mediately performed. 

Diehrs method. DisFolving CaSO^ by Na,S,0, from the mixture of 
freshly precipitated CaSO^ and BaSO^. No accurate separation ob- 
tained. 

ff^SO^ separation of Ba from Ca. When one of these elements pre- 
dominated largely (Ba: Ca:= 100 : i, or nearly the reverse), the separa- 
tion was successful. Where 10 to 20 c.c. of HCl (containing 25.28 per 
cent.) were used, the BaSO^ contained No Ca. 

Sidersky's method. Separating Ca and Sr by boiling with (NH^)jSO^ 
and (NH J,C,0^, and then dissolving out CaC^O, by dilute HCl. Un- 
satisfactory. When 8.4 per cent. HCl are present in the solution, an ap- 
proximate separation can be effected. For separation of Ba from Ca, 
the method will serve. 

Bloxam^s method by arsenate (C//^-w. Neus^ liv., 16 and 168). Suit- 
able for qualitative purposes only. 

Fleischer^ s vs\t\}^od.. Dissolving precipitated carbonates in standard 
HCl, titrating back excess of acid, precipitating BaCrO^ by excess of 
standard K,CrO^ and determining excess of K^CrO^ by titration with 
FeSO^. Results for Ba were unsatisfactory. Some Sr was always pre- 
cipitated with the BaCiO^, 

The separation by digestion of BaSO^ and CaSO^, with a solution con- 
taining 3 parts KjSO^ and i part KjC(3„ filtering, drying and weighing 
BaSO^ -I- CaCO,, and determining the CaCQ,^ alkalimetrically, gave 
good results.. 
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Leison^s oxalate method. Conversion to oxalate. Solution in H,SO^ 
and titration with permanganate. Sr and Cacan be determined by this 
means, but BaC^O^ is not completely decomposed by H^SO^, and gave 
unsatisfactory results. 

Iron and alumimwi in phosphates. Glaser's method {vide Quarterly, 
xi., 273). 

Von Gruber {Fres. Zts., xxx., 9) finds this the most satisfactory and 
exact method yet devised. Meyer {Chem. Zeit,^ 1890, No. 102), finds 
that when managed as described by Glaser, some Mg. compound will 
accompany the precipitate if that element is present. Test analyses on 
commercial phosphates showed results from about o.i to 0.4 per cent, 
too high when Mg. was present. Jones {Zts, Angeii. Chcm,^ No. i, 
1 891), proposes a modification, which provides for the presence of MgO 
and avoids the use of unnecessarily large quantities of reagents. His 
process is: Dissolve 10 grammes of the phosphate in aqua regia; dilute 
to 500 c.c. ; of this take 50 c.c, evaporate to 25 c.c. ; add 10 c.c. H^SO^ 
(i : 5), then 150 c.c. of alcohol, mix and allow it to stand three hours; 
filter off the 0aSO4 and wash with alcohol. The washing is complete, 
when 10 drops of the filtrate with 10 drops of water fails to affect the 
methyl orange indicator. Distil off the alcohol ; to the residue add 
ammonia, and boil until there is no odor of NH,. Wash the precipi- 
tate of iron and alumina phosphates three or four times with boiling 
water. If the washings run turbid, add a small amount of NH^NO, to 
the wash water. Dry, ignite and weigh, or dissolve in HNO, precipitate 
with molybdate, and in the filtrate, separate the hydrates by warming 
with slight excess of ammonia. 

Aluminum in Iron and Steel. Carnot {jBuIL Soc, Chim, [3] v. 139) 
describes a method which he has used forseyeral years, which differs but 
little from that of Stead (Quarterly, xi., 273), or Phillips(/^., xii., 61). 
Dissolve 10 grammes in HCl, filter into a flask, wash the residue well, 
neutralize with ammonia and Na,CO, and add a little Na^S^Oj. When 
the color has passed through violet to colorless, add 2 or 3 c.c. of satu- 
rated solution of NajHPO^ and 5 or 6 grammes NaCgHjO,. Boil until 
there is no odor of SO,. Filter and wash. Dissolve the precipitate 
with HCl, evaporate to dryness to separate SiO,. Take up with HCl, 
filter and treat the solution as before, using about 2 grammes Na.^Sj08, 
and 2 grammes NaCjH^O^. Weigh the last precipitate Al, (PO^^^ and 
calculate. 

Commercial Aluminum, Regelberger (Zts. Angew. Chem.^ No. i, 
1891) finds that the determination of Al by methods based on the pro- 
portion of H evolved by dissolving in KOH, gives incorrect results. 
The methods by determining impurities present he regards as better. 
For a direct determination 2 gms. of the sample are dissolved by the 
acid of 15 gms. pure KOH, in a platinum dish, and the solution made 
up to 200 c.c. In 50 c.c. Al/OH), is precipitated by boiling with a 
slight excess of NH^NO,. The precipitate should be tested for SiO 
after ignition. The impurities in the KOH used must also be allowed 
for. 

VOL. XII.— 18 
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Estimating Titanium Colorimetrically, Noyes {Jour, Anal, Chem.j v., 
39). Mix 0.1 gm. of the finely powdered mineral with 0.2 gm. pow- 
dered NaF. Add 3 gms. sodium pyrosulphate. Fuse carefully, holding 
the burner in the hand, until copious fumes escape (2 or 3 minutes). 
Cool, dissolve in 15 or 20 c.c. cold water ; filter, add i c.c. H,Oj solu- 
tion, and a few c.c dilute H,SO^, and make colorimetric test, comparing 
with solution of known amounts of TiO,. The iron present affects the 
shade, hence the color of the standard solution should be made the same 
as that of the ore, by adding iron ammonia alum solution, before H,0, 
is added to either. Experiments showed that under the conditions 
mentioned no appreciable amounts of TiF^ were volatilized. 

Determining Zinc as Phosphate. Stone (Joum. Anal. Chem.y v., 67) 
has investigated the influence of ammonia salts, the question having 
been suggested by the paper of Boyd (Quarterly, xi., 355). A 10 per 
cent, solution of microcosmic salt was used, i c.c. for every o.oi gm. Zn 
present (about three times the theoretical amount). With this pro]}or- 
tion, no material aiiiOunt of the zinc failed to precipitate in the presence 
of ammonium chloride, sulphate or nitrate. With the acetate, especially 
in hot solution, there was some loss, and less than that proportion of 
the precipitant in presence of NH^Cl also showed some loss. 

Zinc in Ferruginous Ores, Platz {Stahl und Eisen, ix., 494) takes 
advantage of the insolubility of ZnS in acid, as compared with that of 
FeS, to effect the separation of Zn, without previously removing the 
Fe. 5 gms. of ore are dissolved in cone. HCl, 2 to 3 c.c. HNO, 
f dded, the mixture evaporated to dryness, diluted to about 200 c.c. and 
filtered, heated to between 80° and 100° C, acidified, and HjS passed 
to separate Cu, etc After filtering, while the solution is still saturated 
with H,S, acetic acid and NH^C^HjO, are added, and ammonia is run 
in from a burette, the delivery tip of which is immersed in the solution. 
The solution is kept agitated, and the addition of ammonia (which must 
be gradual toward the last) is continued until the precipitate becomes 
permanently gray from formation of FeS. Dilute HCl (i : 50) is then 
slowly added, with stirring, until the precipitate becomes white, and 
then ammonia is run in in the same manner as before until the precipi- 
tate is light gray. On standing a short time the ZnS separates rapidly, 
when it should be filtered and washed with dilute acetic saturated with 
HjS. The subsequent management of the precipitate needs no 
explanation. 

Determining Manganese as Phosphate, McKenna {Jour, Anal, Chem,^ 
v., 140) has experimented as to the comparative advantages of Gibbs' 
or Blair's method of precipitating ; also as to precipitation in glass or 
platinum. Gibbs adds Na^HPO^ in excess, dissolves in HCl, boils, and 
then adds ammonia in excess. Blair adds HCl before adding the phos- 
phate. One method was found to be as good as the other. The neces- 
sity for getting a crystalline precipitate was found to be imperative. 
Boiling in glass (for three minutes, at any rate) had no detrimental 
effect. In washing, hot water alone seemed to be as good if not better 
than dilute ammonia or NH^NO, solution. When a small amount of 
iron was present there seemed to be a formation of a double salt of 
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Mn and Fe, soluble in ammonia when excess of alkaline phosphate is 
not present. 

Volufnettic far Manganese. Moore {Chcm. Anvs^ Ixiii., 66) gives a 
method, depending on the formaticn of the violet Mn,(PO,),, and 
subsequent titration with a reducing agent, as FeSO^. The substance is 
dissolved directly in syrupy phosphoric acid, or dissolved, evaporated 
to a few C.C., and syrupy phosphoric acid added. KCIO, is then added 
and the mixture warmed, finally heating until no odor of CI is per- 
ceptible. After cooling, the solution, which has a color resembling 
that of permanganate, is diluted to 100 c.c. and titrated with standard 
FeSO^ to complete disappearance of color, or an excess of FeSO^ is 
added, and the excess titrated back with permanganate. Cr only inter- 
feres with this process. 

Volumetric for Cobalt. Von Reis and Wiggert {Zts, Angcw Chem., 
1890, 695). Under the conditions obtained for the Volhard method for 
Zn (solution neutralized by ZnO, and titrated by permanganate, etc.), 
cobalt may also be titrated, a precipitate containing Co^O, being 
formed. Since, however, the black precipitate does not readily subside, 
it is best to add an excess of permanganate, filter, and determine the 
excess by a standard solution of some reducing agent, as FeSO^. Zn 
salts and H,SO^ interfere with the reaction. The value of the solution 
is determined empirically. 

Electrolytic Assay of Copper, Croasdale {Journ, Anal. Chem,^ v., 
133) gives a rfesum^ of the work done on this subject from Davy to the 
present time, to be supplemented by further work of his own. He notes 
that H,S is unsuited for determining the end of the reaction when only 
a drop of the solution is tested ; also that in all cases the deposit should 
be washed with cold water with the circuit dlosed. 

Tellurium Estimation. Donath {Zts. Angew. Chem,^ '890, 214) pro- 
poses the precipitation in the elemental form by hyposulphurous acid 
(made by the action of SO, solution on Zn) in the cold HCl solution. 
Precipitation is complete in 15 minutes. The washed precipitate is 
oxidized to TeO, by strong HNO, and weighed. 

Volumetric for Tellurium. Brauner {Proc, Lond. Chem. Soc, '9o-'9i, 
31). The reaction of tellurites with iodine could not be used. TtO, 
could not be titrated with permanganate when in HCl solution. In 
H,SO^ solution, by a special method of manipulation, it could be done, 
but the result always showed i per cent, too high. By causing the 
reaction to take place in alkaline solution and then adding acid, results 
0.35 per cent, too high were obtained. If these corrections are applied 
the results are accurate. 

Carbon in Steel. Blair {/our. Anal. Chem,, v., 121) and Shimer (//;., 
p. 129) report further experiments with the ** Special Carbon Standard.'* 
The results obtained by Blair show further indications that the ammo- 
nium copper chloride introduces carbon, especially when acid is used 
in effecting solution. Pure CuCl, alone gave the same results whether 
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acid or neutral solution was used. Potassium copper chloride gave more 
satisfactory results than the ammonium compound. Modifications in 
the purifying train were found to be advisable. Shimer notes that fil- 
tering the carbon without suction seems better adapted to the removal 
of HCl from the separated carbon. 

Carbon in Steel. Julian {/our. AnaL Chem.y v., 162). On adding 
to the HNO, solution of steel (prepared as for colorimetric carbon test) 
some dilute permanganate solution, and digesting cold for some hours, 
hydrated MnO^ separates in proportion to the amount of carbon dis- 
solved. 36 parts C correspond to 220 parts Mn. 

Hypochlorous Acid in Chlorine IVa/er, Salzer {Pharm. Zeit.^ xxxv., 
457). The method of Lunge and Naeff is recommended. This 
depends upon the reactions — 

CI + KI + HCl = KCl + I + HCl. 
HCIO -f 2KI + HC: = 2KCI + I, + H,0. 

The HCl remains free only when CI is present. 25 c.c. of the water 
(neutral) to be tested receive the addition of 10 c.c. deci normal HCl 
and I gm. Kl. After conversion of the free iodine to iodide by use 
of Na^S^O^, an acidimetric titration is made. If the water contains no 
HCIO, exactly 10 c.c. decinormal alkali will be required to neutralize. 

The ** Citrate^* Method for Phosphoric Acid, Reitmair {Zts. Angew. 
Chem.f 1890, 19 and 196) concludes, after an elaborate investigation, 
that in this method the precipitation of P^O^ is always incomplete; that 
variable amounts of Ca, Fe, Al or Mn always accompany the precipi- 
tate, affording sometimes a balance of errors, Ca and Mn are the chief 
contaminants. The quantity of Mg mixture must be proportioned to 
the amount of citrate used. The ignited precipitate always gives the 
reaction for orthophosphate (regarded as indicating the co- precipitation 
of a basic Mg salt). Jf HCl is used to dissolve the sample, much SiO, 
will appear in the precipitate. Even when H,SO^ is used, some SiO, 
appears in the precipitate, though, on the whole, the tendency in this 
case is toward too low results. 

Nitric and Nitrous Acids in Spring Waters, Rosen feld {Fres.y Zts, 
and Chem,, xxix., 661). The reagent is 0.5 to i gramme pyrogallic 
acid in 100 c.c. water. 

To 3 c.c. of the water is added 6 c.c. of cone. H,SO^ and one drop of 
the reagent. The color developed may h^ compared with that produced 
in solutions of known strength, and thus made colorimetric. With less 
than 0.003 grammes N^Oj per litre, the color develops only after a time. 

The reagent for nitrous acid is 0.5 gramme pyrogallic acid in 90 c.c. 
water with 10 c.c. cone. H^SO^. 100 c.c. of the water to be tested are 
mixed with 2 c.c. of the reagent. If 0.0004 gramme N^O, per litre is 
present, a yellow color develops immediately, 0.0003 gramme in six 
minutes, 0.0002 gramme in twenty-three minutes, and o.ooox gramme 
aft-er about seven hours. The reaction can also be made comparatively 
colorijiiietric. 
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Oxygen Dissolved in Water, Linossier {Bull, Soc. Chim, [3] v. 63) 
effects this by mixing 50 c.c. of the water with 20 c.c. soda solution of 
36°. Be. and 20 c.c. of a 20 per cent. Rochelle salt solution, and titrates 
with standard FeSO^, using alcoholic solution of phenosafranine as indi- 
cator. A special form of apparatus is necessary to exclude the oxygen 
of the air. 

Carbon Dioxide in Natural Waters, Leeds {four. Am, Chem, Soc, , 
xiii., 98), takes a measured amount of the water (500 c.c. in the case of 
soft waters) adds phenolphthalein (not too small an amount) and titrates 
with decinormal alkali. The number of c.c. used on 500 c.c. multiplied 
by 2.2 gives approximately the c.c. of CO, per litre. The results ob- 
tained agree well with those obtained by eudiometric analysis. 

Hardness in Waters. Lepierre {Bull. Soc, Chim, [3] v. 299). The 
actual value of the French ** degree ** of hardness is 0.0103 ^^^ "^o* o-^' 
gramme CaCO, per litre, since it was established on a ba.sis of o.i gramme 
soda soap per lure in the testing solution. The value of the different 
** degrees" in grammes CaCO, per litre is given as: French, 0.0103; 
English. 0.0143; German, 0.01785. The last is on the basis of o.oi 
gramme CaO per litre. 

The reagent used is 10 grammes dry (officinal) almond oil soap in 
I litre all ohol of 70^ (Gay-Lussac). On each water four tests are made : 
ist, total hardness ; 2d, after precipitation by (NH^^jC^O^ (5 c.c. of a 
solution containing iftrth of its weight to 100 c.c. water) ; 3d, hardness 
after boiling ; 4th, after boiling and precipitating with oxalate. If the 
hardness runs over 35** the water must be diluted. In presence of Mg, 
if the first false lather is disregarded, and the addition of soap solution 
is continued, the flocculent precipitate of Mg soap gradually ceases to 
float, and an exact correspondence with Ca salts is obtained. 
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The Colliery Engineer Ptx:KET-BooK. Revised ediiion, i2mo., 226 pp. and 194 
pp. of tables. The Colliery Engineer Company, Scranton, Pa. 189 1. 

This convenient hand-book is a compilation of useful tables and short 
treatises on prospecting, mine management and engineering. 

As its name indicates, it deals particularly with coal mining and allied 
subjects. Besides the usual tables of logarithms, areas, sines and cosines, 
squares, cubes and roots, etc., it contains tables of weights and measures, 
strength of materials, weights of iron, steel, etc., in different shapes, 
safe working loads for beams, pillars, ropes, etc. ; also tables for the flow 
of air and water through pipes, and a table of corrections for stadia 
measurements. 

The text deals with elementary mathematics, mechanics and engineer- 
ing; then with mine prospecting, under which head is discussed the 
different coals, the opening of the mine, shaft and slope sinking, tim- 
bering, methods of work, etc. ^ 

Ventilation is thoroughly and carefully treated, the chemistry of 
gases, and methods of dealing with fire-damp, etc., being explained ; 
also the exploration of mines after an explosion, and treatment of per- 
sons injured or asphyxiated. Hydraulics and hydrostatics are briefly 
but lucidly discussed, also the pneumatic system of power-transmission. 

Mine surveying includes the description and use of the transit and 
wye level, and a discussion of the theory of stadia measurements, besides 
directions for field work. 

Underground railways and mine machinery are adequately mentioned, 
the pumping, hauling and ventilating machinery all receiving due atten- 
tion. 

There are valuable hints regarding boilers and their management, also 
descriptions and illustrations of '' faults," which are interesting and in- 
structive. 

The brief article on electrical mining machinery is an evidence that 
the book is well abreast of the times, and that others besides electrical 
engineers realize that electrical power transmission and distribution is 
at last taking its proper position as one of practical utility. 

Finally there is a glossary of mining terms, and a table of useful mem- 
oranda, which the student in this branch of engineering will find espe- 
cially valuable. 

The book is well printed in clear type on good paper, and is of a very 
convenient size for carrying in the pocket. 

The discussions and demonstrations in it are clear, and easily under- 
stood by any intelligent person. The student will find in it an epitome 
of what it is necessary for him to learn regarding the elementary princi- 
ples of mining and mine management, and the engineer will find it a 
handy book of reference and a useful aid in field and oflice. 

T. T. P. L. 



BOOK REVIEWS. 267 

Theory and Practice of Surveying. J. B. Johnson, C. E. 7th Revised and En- 
larged Edition. Octavo. 730 pp. John Wiley & Sons. 1891. 

In this latest revised edition of a popular text-book, the author has 
introduced new material which improves and strengthens the old, and 
brings the text up to date in descriptions of new instruments and 
methods. 

In enumerating some of the new features, there may be noticed a new 
table of declinations, cuts and descriptions of the architect's compass- 
level, of Wood's double sextant in place of the goniograph, of the cross- 
section polar protractor, and of Porro's telescope. The latter instrument, 
called also the tacheometer, is a telescope for measuring distances by the 
telemeter, and does not require the application of the usual correction 
constant, for by the simple expedient of introducing an additional lens 
behind the object-glass, all measurements are made directly from the 
centre of the instrument. The most important of the new features are, 
however, the partial re-writing of the chapter on land surveying, and the 
description and explanation of the method of finding the true meridian 
by observations on Polaris at any time, with a table for reducing the 
observations. 

In the chapter on land surveying, the author has incorporated much 
needed and valuable information relating to the laws governing surveys, 
especially those bearing on the retracing of old boundary lines and the 
re-locating of old monuments. This subject is one of importance, espe- 
cially to the young surveyor, who, in the first few years of his experience, 
will probably be confronted with cases which will test his ability to de- 
cide disputes correctly and impartially. Depending, as he has to in his 
early experience, on the knowledge he has acquired while a student, it 
can easily be seen that the better the material he has had to study from, 
the better the decision he will make 

The author has supplied this material in a condensed and clear expo- 
sition of rules for interpreting descriptions of property and monu- 
ments as they should be interpreted. 

Examples are given, also, showing how to describe and locate monu- 
ments so as to insure permanency and prevent confusion. 

The description and explanation of the method for finding the true 
meridian by observations on Polaris at any time is a new and important 
feature, and with the appended table taken from the last Manual of In- 
struction of the Commissioner of the General Land Office, will prove of 
great assistance to the surveyor. The method of observation is the 
usual one, and the reduction of the observed data is not complicated 
nor long. Knowing the local time within five minutes will enable the 
observer to determine the meridian within one minute of arc. 

In a new appendix are brought together descriptions of the geograph- 
ical positions of the base lines and principal meridians governing the 
public surveys. 

The other parts of the book, unchanged in this new edition, are prac- 
tical, clear and well arranged. 

The descriptions of the unual surveying instruments, their adjustments, • 
etc., are probably not to be surpassed by any other text-book now in 
use. A more extended discussion of the methods of traversing, especially 
of the rapid method where the azimuths of courses are determined di- 
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recti y by backsighting, would be a welcome addition to the text ; also 
descriptions of the application of paced distances and the ranging of 
lines by means of sight poles to the rough and hasty methods often used 
in filling in the detail of a topographical survey, would increase the 
usefulness of the book. A more extended discussion of the effects of 
local attraction, and their elimination from the bearings, would also 
seem an improvement to the text. With these two or three exceptions 
the book is one which will continue to retain its position in the front 
rank of practical scientific text-books, and, as a book of reference, will 
be found most useful by the engineer. 

T. T. P. L. 



The Metallurgy OF Silver, Gold AND Mercury im the United States. By 
Thomas Eglesion, L.L.D., Professor of Mineralogy and Metallurgy at the School 
of Mines, Columbia College^ New York City. In two volume^. Vol. 11. Gold 
and Mercury. 920 pp. Large octavo. John Wiley & Sons, New York. En- 
gineering, London. $7.50. 

The first volume of Dr. Egleston's work appeared in 1887, and de- 
scribed in detail the various processes used in the metallurgy of silver 
in this country. The present work, Vol. II., is devoted to gold and 
mercury. The treatment of silver bearing copper and lead ores will be 
discussed in a separate volume forthcoming. Bath this volume and the 
preceding one are the results of the personal investigation of Dr. Esfles- 
ton during extended tours made in the years 1874, 1887, 1888 and 1889, 
supplemented by correspondence with his former pupils and others in 
direct charge of metallurgical establishments. 

Tne plan of the work hi? been to present the general principle? of the 
treatment, giving afterwards examples of the best practice under each 
one of the general heads. 

Th^ description of the methods of gold mining is arranged as follows, 
viz : 

{Gravel Mining, 
Sluice Mining, 
Beach Mining, 
River or Bar Mining. 

• 

I>eTp Placers : 

«„^-o.,i:^ \>f:«:««. (Surface Mining, 
Hydraulic Mining. | j^^.^^ Mining. 

Vei/t Mining :^ 

Amalgamation. | ^'\ Crushing, 
^ ( Wet Crushing. 

Concentration and Chlori nation. 

The treatment of the auriferous material by the primitive pan and 
cradle, the ** Tom,** arrastra and by modern hydraulic mining, is com- 
prehensively described with the Professor's usual thoroughness of detail, 
and occupies the first four chapters of his work. 
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Chapter V. is devoted to the subject of gold stamping and amalga- 
mating, and under the modern finely developed mill machinery are 
discussed crushers, Huntington mill, feeders, concentrators, amalgama- 
tors and the Knox pan; the discussion also including tail treatment, 
retorting, casting, losses of jrold, etc. This chapter is of necessity vol- 
uminous, and occupies nearly two hundred pages amply illustrated by 
thirty-five engravings. 

The extraction of gold by chlorine gas comprises Chap. VI., being 
described under the Plattner process with the Mears and Thies modi- 
fications. 

Under parting processes (Chap. VII.) are described the nitric acid 
process as formerly carried on at the Philadelphia mint, the double acid 
process used at the mints of Philadelphia and San Francisco, the sul- 
phuric acid process now used at the mints of New York, New Orleans, 
Carson City and Denver, and the Giitzkow or silver sulphate process 
formerly in vogue at the San Francisco mint. In addition are also 
given valuable and interesting tables on cost of parting by the different 
mints, legal weights of coins with limits of tolerance and abrasion ^ coin- 
age production and consumption, etc. 

Chapter VIII. is devoted to the treatment of mercury-ores in Califor- 
nia^ the processes being classified as follows, viz. : I. Distillation ; II. 
Precipitation ; and III. Roasting and Reduction in intermittent or con- 
tinuous furnaces; closing with a complete table on the production and 
price of mercury from the individtial California mines from the year 
1850 to 1888 inclusive. The work is well illustrated and handsomely 
printed with clear type and generous marginal space. It is rendered 
easy of access by the thorough and carefully compiled index. J. S. 



Wedding's Basic Bessemer Process. Translated from the German by William B. 
Phillips, Ph.D., Professor of Chemi><trv and M itallurgy. University of Alabama, 
and Ernst Prochaska, Met. Eng. With Supplementary Chapter on Dephospho- 
rization in the Basic Open- Hearth Furnace, pp 224. 8va Cloih. ScientiBc 
Publishing Co., 27 Park Place, New York. 1891. 

The translators discuss the basic processes under the following heads: 

Chapter I. — The earner methods of dcp?K>sphorizatton are described and 
commenced upon. 

Chap. II. — The basic linings giving the history and description of the 
various patents taken out, the manufacture of tar bricks, etc. 

Chap. III. — Construction and lining of the Converttr^ giving the various 
shapes in use. 

Chap. IV. treats 'Ofthe materials used, the pig-iron, recarbonizers, flux 
and blast. 

Chap. V, — Details of. practice. Discusses duration of process, capa- 
city of the converters, waste, arrangements for pouring, cranes, ingot 
treatment, soaking pits, etc. 

Chap. VI. — Chemical and physical reactions y giving analyses of slags^ 
iron, basic materials. Phenomena of oxidation, action of iron, silicon, 
manganese, carbon, phosphorus and sulphur; the influence of the basic 
fluxes, evolution of heat, etc. 

Chap. VII. — General arrangement 0/ Basic Bessemer works y giving 
numerous plans. 
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Chap. VIII. — Utilization of the Basic Bessemer slag^ analyses, etc. 

Chap. IX. — Dephosphorization in the Open Hearth, Materials used in 
furnace construction, mode of operation and analyses. 

Chap. X. — Ecommtic results of the Basic process^ and list of basic plants 
in Europe and the United States. 

Appendix, — Desulphurization of pig-iron^ description of methods em- 
ployed. 

Dephosphorization in Basic Open-Hearth Furnace, By Ernst Pro- 
chaska. Gives construction of furnace in detail; numerous analyses of 
iron, slag, steel, basic refracting materials, etc., and the advantages 
claimed for the process. Under the general head of Notes are appended 
several pages of addenda, including a description of the basic open- 
hearth process as carried out at Pottstown, Pa. 

This able work is illustrated by 70 engravings, special attention being 
called to Figs. 54 and 55 in the chapter on the chemical and physical 
reactions. These two- figures are charts showing the behavior of all the 
ingredients of the pig-iron during the Bessemer process, and presenting 
the facts in a graphic form, which renders their significance and rela- 
tions apparent at a single glance. 

The material here presented in this work covers the essential knowl- 
edge requisite for a good understanding of the basic processes without 
going into minute detail, and as such will no doubt receive the hearty 
commendation of metallurgists, students and all interested in the manu- 
facture of steel. 

This work is printed on excellent paper, with clear type, and the 
illustrations are of good order. J. S. 

Mr. Robert Grimshaw, General Editor of the Trades Department of 
Funk & Wagnairs Standard Dictionary, being desirous of making as 
complete as possible his list of mechanical and industrial terms, requests 
manufacturers of machinery and tools having important parts not found 
on those of other makers, or the names of which are not yet in general 
use, to send the name, definition and use of each such part to him at 
115 Bible House, New York City. 

Elemknts of Crystallography, for Stui>ents of Chemistry, Physics and 
MiNKRALOGY. By Gcorgc H. Williams, Ph. D., Associate Pro'"essor in Johns 
Hopkins University. New York. Henry Holt & Co., 1893. 8vo. 250 pp. 

The author makes no claim to completeness or originality, merely 
attempting to present geometrical crystallosfraphy clearly and concisely, 
with the amount of detail usually of service to students of the allied 
subjects, mineralogy, petrography, chemistry and physics. 

The book begins with a brief chapter upon crystal structure; the 
general laws are explained and stated in the second chapter ; the state- 
ments are long and not so easily fixed in the memory as more concise 
statements qualified where necessary by exceptions. 

In discussing the different systems a duplex definition and classifica- 
tion is followed, dependent upon the closely related ideas of axes and 
of degrees of symmetry. While the former is essential to the descrip- 
tion of the form and the determination of the sj'mbol, the latter ii not, 
and admittedly it is not especially simple. '^ A definition based entirely 
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upon symmetry cannot be wholly satisfactory, since it strictly excludes 
the hemihedral, tetartohedral and hemiraorphic forms, whose grade 
of symmetry is always less than their corresponding holohedrons." 
Why not then, for a student's work, omit discussions as to principal 
and secondary planes and axes of symmetry, except in so far as needed 
in a discussion of the laws of symmetry. Very little is gained by know- 
ing that the rhombic dodecahedron is disymmetric, the trigonal trisoc- 
tahedron monosymmetric, the cube quadrisymmetric and the gy roid 
asymmetric. 

The author wisely uses first the fundamental and easily understood 
symbols of Weiss, and later the condensations of Naumann, Dana and 
Miller. 

In general the work is all that it claims to be ; the definitions and 
explanations are very satisfactory. The discussions of that, to beginners, 
most confusing point, the fundamental form and its relations to the 
other forms, are yery clear. Particularly satisfactory is this, " The axial 
ratios derived from all forms occurring on crystals of the same substance 
under the same conditions, must be rational multiples of each other, 
while those derived from forms on crystals of different substances are 
irrational multiples of each other. Thus the axial ratio becomes a 
physical constant for all crystallized matter that is not isometric, and 
serves to identify it in the same way that a specific gravity hardness, or 
* elasticity does." 

Interesting chapters are devoted to crystal aggregates and imperfec- 
I tions of crystals, and an appendix contains a brief explanation of zonal 

relations between crystal planes and their graphic representation by 
means of projections. A. J, M, 
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In accordance with the recommendation of the University Council, 
the awards of fellowships in the academic year 1891-2 are as below. It 
is proper to call the attention of applicants from a distance to the fact, 
that in the transition from an old order of fellowships to the new, 
practically only five of these twelve were this year available for outside 
appointments. Of these five, four have been awarded to men not 
graduates of Columbia College. Next year the number of fellowships 
open to outside competition will be materially larger, and after two 
years from this time larger still. The total number of fellowships for 
1891-2 is twelve; for 1892-3, eighteen ; and for 1893-4 and thereafter, 
twenty-four. 

Awards for i8gi-2, 

George Clinton Densmore Odell, A.B., Columbia College, 1889; 
subject, English. 

Frank Pierrepont Graves, A.B., Columbia College, 1890; subject, 
Greek. 

Charles Harris Hayes, .subject, German. 

Harold Griflfing, A.B., Columbia College, 1890; subject, History of 
Philosophy. 

Charles Riborg Mann, A.B., Columbia College, 1890; subject, 
Physics. 

Edwin Mortimer Blake, E.M., Columbia College, School of Mines, 
1890; subject, Mathematics. 

John Farr Putman, Columbia College, 1891 ; subject, Greek. 

Edward Hymes, Columbia College, 1891 ; subject, Mithematics. 

William Z. Ripley, B.S., Massachusetts Institute of Technology, 
1890; subject, Political Economy. 

C. A. Stuart, University of Toronto, 1891 ; subject. History. 

Max Leopold Margolts, Leibnitz Gymaasium, Berlin, Columbia 
College; subject, Semitics 

John C. McMynn, A.B., Williams College, 1890; subject. Physics. 

Lectures to be Given at Columbia College by E. C. Stedman. 
Title of the course : " The Nature and Elements of Poetry.* * 

I. OracUsy Old and New, (Introductory and historical, with con- 
siderations on Poetry and Science). 

II. IVhatis Poetry? 

III. Creative Poetry ^ a nd the Poetry of Self-E v *>re5Uon, 

IV. Melancholia, (The preceding topic continued, with special 
regard to modern times). 

V. Beauty, 
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VI. Truth. 

VII. Imagi Nation, 

VIII. The Faculty Divine, (Discussing Passion, Inspiration, Genius, 
Faith). 

Department of Architecture. 

The Faculty of the School of Mines, at their last meeting, approved 
of certain important changes in the Course in Architecture. In the first 
year, in place of Graphics, two hours a week and two afternoons are to 
be given to Projections and Shades and Shadows, and the three hours a 
week hitherto given to Descriptive Geometry and Botany are to be given 
to the lectures, recitations and drawing exercises in Ancient Architectural 
History now taken in the second year. The Elements of Architecture 
are also begun, and Design from Dictation. In fact a chief part of the 
professional work now done in the second year will be done in the first. 
In like manner the History now taught in the third and fourth years 
will be given in the second and third. This will leave the fourth year 
free for serious professional work. To this end additional work in 
History and Design is provided in that year, with Descriptive Geometry 
of an advanced character, and Stereotomv. 

As this pffers more studies in the fourth year than any single student 
can profitably pursue, it was voted that each student, with the advice 
and consent of the head of the Department, shall make a selection 
among them, **such elective courses to be the equivalents in value and 
difficulty of the course hitherto established.** It is proposed presently 
to add also advanced work in Engineering Design and Practice. It 
will then be practicable for a student, having at the end of his third 
year, got through with all his elementary and preparatory studies, to de- 
vote his last year either to History and Design or to Construction and 
practice, as he may prefer. 

At the same time the University Faculty of Mathematics and Applied 
Science established University Courses in Architectural History and 
Architectural Design, in preparation for the degree of Master of Arts. 
There will presently be added corresponding courses in Construction 
and Practice. It will then be practicable for men who elect Design in 
their fourth year to take another year, either at once, or after a period 
of office-study, for the study of Construction and Practice, and for those 
who have elected these branches before graduating to take an extra 
course of History and Design. This last course is indeed open at once, 
to all graduates of the Department, and there is reason to believe that 
quite a number of men, who are ready for another year of serious study, 
but have not the time or money for serious study abroad, will presently 
avail themselves of these opportunities. 

Such students, added to the men in the fourth year, would give us 
classes, whether in Design or in Construction, well prepared to profit 
by all the resources at our command, and with leisure to give to their 
work the uninterrupted time and attention that advanced work requires. 
The Department is prepared to give much more thorough and pertinent 
instruction than has hitherto been given, but hitherto no students have 
had time to take it. The men have left the school just as they were 
ready to receive the best things it had to give. 
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In preparation for these changes, and for covering as much ground as 
possible in the first three years, the work in Projections* Shades and 
Shadows and the Elements of Architecture has been simplified and con- 
solidated, so that each of these branches illustrates and is illustrated by 
the other. At the same time an exercise has been introduced into the 
first and second years which serves not only to stimulate the creative 
imagination of the students but to impart some elementary notions of 
water colors, perspective, construction and architectural planning and 
composition. This is a weekly exercise in Design by Dictation, in 
which some building is described, more or less in detail, sketched by 
the class at the time, and then drawn in plan, elevation, section and in 
perspective, and rendered in color and india ink. These drawings are 
made on so small a scale that they do not require any previous knowl- 
edge of architectural detail, being in fact exercises in planning and in 
the composition of masses. 

The same system has been applied with equally satisfactory results to 
the study of ornament, the motifs or general arrangement of a Renaissance 
pilaster capital, for instance, being described, and each student left to 
develop the idea according to his own taste and judgment. 

The Study of Mod(?lling, which was laid aside some years ago after a 
brief trial, for lack of a suitable room for the work, has now been re- 
sumed, a material having been found quite as manageable as clay, but 
which does not dry and so makes no dirt. The work can accordingly 
be done without inconvenience at the student's drawing-tables. 

At the May meeting the Trustees promoted Mr. Sherman to be an 
Adjunct-Professor in Architecture and Mr. Harriman to be Instructor 
in Architectural Drawing, and reappointed Mr. Snelling as Tutor in 
Architecture and Mr. Kress as Curator of the Architectural Collections. 

The McKim Fellowships in Architecture, for which the first competi- 
tion has recently taken place, have been awarded to Messrs. A. C 
Mufioz, '88, and A. M. Welch, '90. Honorable mentions in design 
were also awarded to Messrs. J. M. Hewlett, '90. and R. K. Mosley, 
'89; and in construction to Messrs. R. D. Kohn, '90, and H. E. 
Donnell, '87. The Committee of Award was the same that served last 
year as jury for the Columbia Fellowship, consisting of Messrs. R. M. 
Hunt, C. F. McKim (the founder of the Fellowships) and Thomas Hast- 
ings Jr., of New York, and Mr. Arthur Rotch, of Boston. The marks 
Jn Design, as judged by the committee, and those in Construction and 
Office-practice, in which the papers were marked by officers of the 
School of Mines, were assigned equal value in determining the final 
result. The committee note a gratifying advance in the quality of the 
work submitted by the sixteen competitors, as compared with that 
handed in for the Columbia Fellowship last year, both in design and 
rendering. The two Fellowships areof Jiooo each, and are to be spent 
in foreign study and travel, according to programmes to be submitted 
by the winners for approval by the President and by the Professor of 
Architecture. 

The second class have begun drawing from the architectural casts in 
the Metropolitan Museum, and will continue these exerciseis upon the 
re-opening of the Museum early in May. A. D. F. H. 
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Department of Mineralogy and Metallurgy. 

During the year there have been added to the mineralogical collection 
fifty-eight new species and twenty- five new varieties. The collection 
has been recounted and catalogued showing now, independent of the 
special student, conference and determinative collections which include 
about 8000 specimens ; a total of 19,745 specimens, representing 955 
?p)ecies. It is interesting to note the following: Between 1879 ^^^ 
1886, only 75 missing species were obtained, or say 11 per year. In 
1887 the working force of the department was increased, making col- 
lection work possible, and in the succeeding four years, 297 new species 
were secured, or an average of 74 per year. 

The department has received from Olcott, of '74, lies, of '75, Rolker^ 
of *75, Chazal, of '81, and Rowland, of '84, a fine rock section cutter, 
which was used at once by a number of persons desirous of learning 
this branch of mineralogy. 

From Terhune, '70, Noyes, '75, Legget, '79, Ruttman, '80, Hopke, 
'80, Morgan, '84, and Perkins, of '88, 288 rock sections which are in use 
in the department. 

Lindsley, '70, Gratacap, '76, Mackintosh, '77, Hollick, '79, Koch, 
*79, Klepeiko, '80, Parsons, *82, Young, '82, Payne, '82, Bullman, ^%i^ 
Channing, ^^t^^ Davis, '87, Church, '87, Miiller, '87, Lusk, '87, Taylor, 
'87, have presented a large and very fine Wollaston's goniometer. Mr. 
R. Pearce, a set of gold crystals from New Mexico. 

Association of the Alumni. 

The Secretary takes great pleasure in announcing that in response to 
his circular of request, there have been nearly 250 sets of professional 
service sheets sent in by Alumni, and the new scheme has attracted 
several who were not before members, to join the Association. Prefer- 
ring not to issue a list until more than fifty per cent, of the Alumni have 
responded with data for publication, the new list will not be contained 
in this issue of the Quarterly, and those who have not replied to the 
circular request, are strongly urged to do so and as soon as possible, t> 
the end that the list may be prepared for the final number. The plan 
outlined seems to have been approved, and Alumni are requested to d3 
all in their power to further the idea. A bulletin of vacancies and avail- 
ables is issued in connection herewith on the following page. 

F. R. H. 

Sfcreiary. 
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Employment Bulletin. 

The Secretary has the following memoranda as to places vacant, and 
Alumni available for employment. The whole numbers belong toavail- 
ables; the decimals refer to vacancies. Inquire by making use of the 
list number. 

No. I. M. E. *86. Mining experience in Montana; engineer with 
experience in wire-rope engineering. 

No. 2. Ph. B. Chem. '79. Instructor in chemistry and in field. 

No. 3. M. E. '90. Mining in Tennessee. 

No. 4. M. E. '80. In structural engineering and insurance inspection. 

No. 5. Ph. B. *82 and Ph. D. Professor of chemistry, geology, etc., 
at West; prefers similar chair at East. 

No. 6. Ph. B. Chem. '89. In charge of chemical manufacturing 
department, prefers outside superin tendency of similar work. 

No. .01. Assistant chemist in commercial laboratory in New York. 

No. .02. Assayer, for wet and dry methods about a smelter, in Texas. 
Salary, ;J 7 5 to $100. 

No. .03. Mine superintendent and captain with experience in gold 
and some as manager; must assay and explore; salary begins at $100. 

No. .04. Chemist and mineralogist, to take charge of laboratory of a 
copper company in Canada; salary, $1000 to $1200. 

No. .05. Teacher of Applied Mathematics, surveying, strength of 
materials, descriptive geometry, etc., as assistant to chief in an Indiana 
college ; civil engineer preferred. 
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BRICK PAVEMENTS. 

By WERNER BOECKLIN, Jr., C.E. 

Brick pavements, although by 119 means a modern invention 
or of American origin, have of late years been steadily growing in 
favor in this country, especially in many of our Western cities. 
Capital has been attracted to the subject, and to-day many kilns 
are in operation to the utmost of their respective capacities. The 
growing popularity of the brick pavement is not only justified by 
our own experience, accumulated within the last twenty years, but 
also by lessons we are now learning from others, though we might 
have learned them years ago. In Hague, Rotterdam, and other 
large cities of Holland, brick has for more than a century been 
the only finished material used for paving. The streets of the 
principal cities of Holland are subjected to as heavy a traffic as 
the streets of any of the other large cities of Europe. In Hungary, 
too, brick pavements, laid in cement, are very common. 

As a matter of course our pioneers in this system of paving were 

not at first altogether successful. The nature and quality of the 

clay best suited for the purpose had to be ascertained, the best way 

of burning the brick, and the most practical way of laying had all to 

be determined. Biit time and all those accumulated experiences 

enable us to-day to handle the subject with almost mathematical 

accuracy. Such a variety of conditions have to be considered, 
VOL. XII. — 19 



278 THE QUARTERLY. 

however, in order to arrive at a strictly perfect and satisfactory 
brick pavement, and so much has been written within the last two 
or three years in reference to the various technical facts and theo- 
retical points of the system, that the present writer has been 
tempted to here state and elucidate those facts and points, together 
with additional data bearing thereon, as gathered by himself in 
the course of some practical investigations; for it is becoming 
more and more evident that brick will supersede all other pave- 
ments — is destined to be the pavement of the future. 

Clays. 

Clays, to make good pavers, should be able to stand a high 
temperature in the kiln ; they should not be entirely infusible, but 
should contain fluxing agents in such proportions as to render the 
brick tenacious and to give to it a slight degree of vitrifaction. 
The occurrence of limestone in the clay is particularly to be 
avoided as it is changed to caustic lime in the burning, and by the 
action of moisture will slack and thus disintegrate the brick. Iron 
will not be found injurious in a paving brick. The amount is 
practically limited, however, when it comes to exposing the brick 
to a high degree of heat ; 6 per cent, of iron will render the brick 
useless. 

The elasticity of brick i$ due to the aluminum contained in the 
clay and not to the iron. 

At the convention of the National Brick Manufacturers, held in 
Indianapolis, February, 1891, Mr. Jones said, in this connection: 
" The majority of good building brick clays, with different treat- 
ment, will make fairly good paving brick for light travel. But to 
stand the wear and traffic of large cities, and to equal granite and 
other high-priced pavements, there must be a careful selection of 
clays, such as semi-fire clays or some of the shale clays, that will 
stand a high degree of heat, so as to become thoroughly vitrified 
and at the same time have that toughness that is necessary to stand 
the continuous friction of heavily-loaded teams from and to the 
freight stations and boat wharves." 

Mr. C. P. Chase gives as the average composition of clays used 
for paving brick: 69.1 per cent, silica, 15.5 per cent, alumina, 5 
per cent, of chemically combined water, 2 per cent, moisture, 2.5 
per cent, iron, 2.5 per cent, magnesia, 3 per cent. lime. These re- 
sults he derives from analyses of ten of our best brick. 
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Preparation of Clays. 

Formerly it was the practice to weather the clay after it was 
taken out of the bank ; that is, to pile the clay in heaps and allow 
it to stand through the winter. Alfred Crossley says in this con- 
nection : " Clay is always improved by weathering, no matter how 
good it is naturally. Common brick made from weathered clay 
are stronger, sounder and less liable to flaws and cracks than those 
made direct from the bank." But in this age of haste this is too 
slow a method by far, and so a long line of fine machines has been 
placed upon the market to do as nearly as possible what was 
formerly left to nature. Upon the continent of Europe, weather- 
ing is still resorted to quite extensively, but in the United States 
it has been replaced almost exclusively by the action of machinery. 

Clays for pavers must not be prepared as are those for common 
brick, but must be well tempered and mixed. Neither are all 
clays to be treated alike in this respect. Bricks are divided into 
three classes, namely : 

1. Soft mud. 

2. Stiff mud. 

3. Dry pressed. 

Either i or 2 will answer for making pavers, 2 being preferable, 
while 3 will not answer at all. As every clay will not work into 
a stiff" mud some will have to be treated by mixing so as to make 
this possible. The stiff" mud being denser and stronger than the 
other, it is found to answer our purpose much better. This 
strength or toughness sought in a paving brick is due in a great 
measure to the fineness of the particles of clay ; the finer we crush 
the clay the better will be the results, for fine clay will vitrify much 
more quickly than a coarse one and will stand abrasion better. 

The method used in handling the clay at Burlington, Iowa, is 
as follows : The clay is excavated by hand and placed in cars 
holding about one cubic yard. These are hoisted on an inclined 
track and their contents dumped into a hopper which feeds into 
the dry pan. Here the clay is crushed by means of heavy revolv- 
ing rollers to about the size of small bird shot, when it drops 
through the perforated bottom of the pan into buckets on an end- 
less belt. This carries it to the tempering machine where a man 
stands with a hose in hand to thoroughly wet the clay. The 
stream is just sufficient to make the clay into a very stiff mud. It 
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is now ready to pass into the brick machine, from which it comes 
out in long bars and is cut off the required length. 

Burning. 

" Clay is silicate of alumina with foreign admixtures of sand, iron, 
lime, magnesia and alkalies. Under the action of heat the alkalies 
melt and begin to dissolve the other materials. Increase the heat 
and this action becomes rapid and more complete; at the same time 
the iron, lime and magnesia begin to act as fluxes. Continue to 
increase the temperature and we continue the solvent action. 
When all the particles have become impregnated with the melted 
portions we have reached vitrifaction. This solvent action is then 
a chemical one. The alkalies, alkaline earths, sand and alumina 
combine to form double silicates. These silicates — slags let us 
call them — when cooled, form an insoluble matrix in which are 
imbedded and firmly cemented the undissolved particles of clay."* 

A good bond must then be given to the material making up the 
brick, to insure which a certain temperature, which must be uni- 
form, is employed. It is difficult to obtain this uniform tempera- 
ture, but it should be had as nearly so as possible, by using care 
in the firing so that most of the bricks will reach a good bond at 
about the same time. It is, therefore, necessary to retard this 
bonding action in the hotter parts of the kiln and to increase it in 
the cooler parts. To do this it is necessary to increase the surface 
exposed to action of heat in the hot parts by massing the bricks 
closer together. 

That this stage of the manufacture of paving bricks is of great 
importance may soon be learned by a close observation of the 
manner in which the bricks wear when put into the street. If 
some of the bricks begin to crumble and give to the street a gen- 
eral appearance of roughness you may know that the ** burn " was 
not uniform. 

" If blocks are made 4 inches by 8 inches they should be set in 
kiln at least an inch apart and the water-smoking should be slow 
and steady." . . . . " The kiln should not be opened until nearly 
cool. As a rule, it takes as long to cool off a kiln, to get the best 
results, as it does to burn it." 

'' A good paving brick is burned slowly and made as hot as it 

* Ellis Lovejoy, in Clay Worker, 
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will stand without fusing, then covered so tight that no draft of 
air will pass through the kiln. It must cool off by the natural 
radiation of heat from the centre to the surface. 

The moment cold air strikes a hot brick, the tenacity and 
strength of that brick is weakened, and abrasion by contact or 
friction of heavy bodies passing over it is much increased. This 
is why I insist upon the great importance of using fine damp clay 
to lute over or cover a kiln as fast as well-burned places on top 
appear; it not only saves labor and fuel, but gives uniform hard- 
ness and tenacity to the brick." * 

The usual fuel for burning the bricks is bituminous coal, 
although oil has been tried as well as gas. D. V. Purington tried 
using crude oil at his kilns near Blue Island, 111. Oil was also 
applied by P. L. Sword & Son, of Cleveland, Ohio. The saving over 
coal is estimated by Mr. Purington to be fully 33.5 per cent. 
Although this was not for paving brick, the writer thinks that oil 
could be used for burning pavers with success. 

Since writing the above, Mr. Purington has experimented with 
petroleum and steam at Galesburg, and the process shows such 
evident merits that the Granite Brick Company of Burlington, Iowa, 
put the method to practical test at the works in that city. 

The manager of the works at Burlington, Mr. Neis, has kindly 
given the writer some information with regard to the burning of 
crude petroleum. Soft coal had been used, and the experiment of 
using petroleum was tried. Slight changes only had to be made 
about the furnaces. The crude oil was delivered by gravity to the 
combustion-chamber, into which it was sprayed by means of a jet 
of superheated steam. It was expected that all smoke would be 
avoided by this process, and that the temperature could be raised 
to any desired degree in a very few minutes, and a kiln of brick 
be burned by this in about half the time required when using coal, 
and that the burn would be more uniform. 

The experiment was not a success, and the use of oil had to be 
given up at Burlington on account of the high density of the clay 
found there. The heat derived from the use of oil was intense, but 
was not carried through the kiln, and did not therefore give such 
uniform results as the heat derived from coal. We see from this 
that while oil might be used in burning a light clay, it has not yet 
proved a success with dense clay. 

 J. W. Crary, Sr., in day Worker, 
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An up-draft kiln cannot be employed in the burning of paving 
brick, as it gives non-uniform results. With the down-draft kiln 
from 75 to 90 per cent, of the bricks are fit for pavers, the rest 
being good as common building brick, or to be used as the bottom 
course in the street. The best paving brick will come from the 
middle third of the kiln, the upper and lower thirds being some- 
what inferior in quality, although they can be used and are used 
in the street. The color of different varieties of brick is no indi- 
cation of their strength. 

Laying. 

There are three essentially different methods of constructing a 
brick pavement. The first and most common way is that of a 
layer of bricks laid flat, and the paving bricks proper placed on top 
of this layer on edge. The second consists of only one layer of 
bricks set on their two-inch side. This method is not so generally 
used as the first. The third construction is the same as the first, 
except that boards are laid in place of the lower course of brick, 
and the pavers placed on top of these. This is a patent pavement, 
and has but a comparatively limited use. Reference is made here 
only to those bricks of the ordinary form. There is another method 
employed which involves the use of a patent paving block ; only 
the one layer of bricks is used in this case. 

To describe the first method, it will answer all purposes to take 
an actual case which the writer investigated thoroughly, and which 
is representative of good practice followed in many of our western 
towns. 

The system employed in Burlington, Iowa, is as follows : On 
those streets which were originally macadamized, the road is simply 
torn up to the required depth, and, in case of this not carrying the 
sub-grade beyond the macadam, three inches of sand are spread 
over and brought to the proper form by means of a drag extend- 
ing from curbstone to centre of street. When all the macadam 
has been excavated, and sub-grade is on the earth road or where 
there was no macadam originally, a foundation of about two inches 
of cinders is spread and well packed by a 2000-pound roller, and 
on this is placed a layer of sand two inches thick, evened over as 
in the former case. The cinders are found to answer the purpose 
of sub- foundation admirably, as they pack solidly and are cheap, 
costing but ten cents per wagon load. Upon this layer of sand or 
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cinders, a course of common bricks is laid, the bricks being set 
flat and lengthwise of the street, care being taken to break joints. 
The course is then thoroughly rolled or rammed to settle into 
position. Upon this is spread clean river sand, which is swept 
well into the joints, sufficient being left to cover the course to the 
depth of two inches. 

Everything is now ready for placing the paving brick proper, 
which are laid on edge and crosswise of the street, breaking joints 
as in the other layer. After rolling well with a hand-roller, enough 
sand is spread over the top to fill the joints and cover the entire 
course to a depth of about one inch. This sand is allowed to re- 
main to be carried into the joints as much as possible by means of 
traffic and rain. At street intersections the top and bottom courses 
are laid at an angle of 45 degrees with the street line, and at right 
angles with each other. 

On grades from 0.5 to 4.0 per cent, the street should be crowned 
about 0.6 of a foot for a width of 48 feet ; on grades greater than 
4.0 per cent., the crown can be made 0.4 of a foot in 48 feet width, 
or even less. 

In Duluth,both brick and stone are recommended for grades up 
to and exceeding 10 per cent. For purposes of comparison, — 
especially of cost, — the suggestions for each are given herewith. 

Brick. 

On grades up to 6 per cent, : 

Best paving brick laid on concrete, probable cost per yard, 
$2.25 to $2.75. 

On grades exceeding 6 per cent. : 

Best paving brick of special form .... laid on a concrete foun- 
dation, probable cost per yard, $2.50 to $3.00. 

On grades exceeding 10 per cent, : 

The same form as that for grades exceeding 6 per cent, is sug- 
gested. 

Stone. 

On grades of 10 per cent, or less : 

Rectangular stone blocks of the usual size and pattern, with sand 
joints, to be laid on a foundation of concrete or broken stone, prob- 
able cost per square yard, J2.75 to JI3.25. 
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On grades exceeding lo per cent. : 

(i.) Rectangular stone blocks, ranging from 3^ to 4 inches in 

width, and chamfered on the upper edges The chamfering 

is needed to afford a safe foothold essential for horses to overcome 
very steep grades. Probable cost per yard, if laid on a stone 
foundation, ^52.75 to %l^2^. And when laid on concrete, $3.00 to 

Jf3-SO. 

(2.) Kidney or cobblestone selected of nearly equal sizes, not 
exceeding three inches in thickness, laid on a concrete foundation 
and set in cement mortar. Probable cost per yard, II2.00 to $2.50. 

Foundations. 

The foundation is of the first importance to a pavement, for upon 
it depends entirely the future stability of the roadway. In localities 
where the soil is of such a nature as to furnish a good substantial 
foundation, the first layer of brick may not be found necessary, 
but, as a general rule, this course cannot be dispensed with» and 
will insure to the pavement a longer life than if it were left out 

A clay soil is not fit for a sub-roadway, owing to the fact that it 
retains water so easily. A foundation in such a case, therefore, 
must be of some material that will allow water to run off to sides 
of road, where it can be collected in drain tile and led to proper 
channels. 

Well-rolled macadam, upon which is spread a layer of sand or 
cinders, will be found to answer as a foundation in many cases; 
as, for instance, where the grade of the street is to be raised. 

Concrete is sometimes used for foundation material, but this is 
mostly in the large cities where the traffic is heavy, it being scarcely 
advisable in places under 25,000 or 30,000 inhabitants on account of 
the increased cost. 

Some authorities advise the filling of joints with hot coal-tar 
cement, claiming that this prevents the water from getting to the 
foundation, and thus causing the pavement to settle in spots, finally 
destroying it completely. And, again, others claim that, for the 
reason that the tar will not allow water to go through, its use is 
therefore to be avoided. Tar is used to a very limited extent. If a 
good foundation is secured, and ample means of conveying both 
surface and sub-roadway water away, coal-tar or its equivalent 
becomes an unnecessary expense. 

Boards previously immersed in coal tar are used as a founda- 
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tion in the Hale pavement. This method is said to give good re- 
sults, although it will never be universally employed. A very 
great disadvantage of the board method is brought out when it 
becomes necessary to tear up a strip of the street for pipe laying, 
the boards must be sawed off and after the bricks are relayed the 
pavement is never apt to be as uniform as when first put down. 

Wear of Paving Brick. 

The tests usually made with brick are; I. Crushing strength. 
2. Resistance to abrasion and impact. 3. Absorptive power. 

Crushing Strength. — As a matter of fact the crushing strength 
of brick is not of much practical value in their selection for paving 
purposes, for the reason that all the bricks made for this use will 
stand any direct compression brought upon them by the passage 
of loads. This will be seen to be the case when it is remembered 
that a good working strength for a paver is 8000 pounds, whereas 
the load per inch of tire is about 700 pounds. 

Resistance to Abrasion, — This test is made by putting the bricks, 
with pieces of iron, into a horizontal revolving cylinder. Although 
this does not represent the actual conditions in the street, still the 
tests gives some sort of an idea of what a brick is able to stand. 
Professor Baker points out in his book on brick pavements that 
the loss due to abrasion decreases as the edges of the bricks be- 
come rounded off, and that hence the results obtained during the 
first half hour are of least value. 

To determine the relation between wear and tonnage, the writer 
herewith quotes at some length from Professor Baker's book before 
mentioned, using also additional data furnished him by W. P. 
Butler, City Engineer of Bloomington. The matter given here- 
with is from experimental tests made in St. Louis in 1873. An 
official test made in the same year did not prove a success, due to 
the fact that the bricks were as stated by the maker, an experi- 
mental lot incorrectly made and burned, for which reason he ob- 
jected at the time to having any test made. 

I. " The manufacturer of the above brick had others made of 
smaller size and under more favorable circumstances, which were 
non-officially tested with the same apparatus, at the same place, 
under exactly the same conditions as the official tests above. Thirty- 
five 'hydraulic pressed brick' were placed under one wheel, and 
thirty-one * hand-made pressed brick ' under the other. The cart 
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Relative Resistance of Brick and Stone to Abrasion.* 
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was then moved back and forth, in the same track, until 146,000 
transits had been recorded. This was a tonnage of 146,060 tons 
on 2^ inches, which is equivalent to 700,800 tons per foot of width 
— a tonnage equal to thirty-five years of a street carrying a daily 
traffic of 50 tons per foot. The loss was roughly measured and 
pronounced to be about one-eighth of an inch for the * hand-made 
brick * and one-quarter of an inch for the ' hydraulic pressed 
brick.' The experiment was then continued until the cart had 
made 148,692 transits — equivalent to 713,760 tons per foot of width. 
The wear of the * hand-made brick ' was then ' very carefully 
measured and the average was found to be 0.15 of an inch. Fifty 
per cent, of the brick showed a wear less than 0.12 of an inch, 34 



* From Prof. Baker's book. 
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per cent, a wear between 0.16 and 0.19 of an inch, and 16 per cent, 
from 0.25 to 0.31 of an inch. Only three were broken.* 

" The brick were 4 inches deep. Therefore, wearing off a depth 
of 0.15 of an inch from the " hand-made brick " was equivalent to 
wearing off 3.75 per cent. Then if 713,760 tons wore away 3.75 
per cent., to wear away i per cent, required 190,000 tons. With 
the 'hydraulic pressed brick/ 95,000 tons caused a loss of i per 
cent." 

II. At another time observations were taken on bricks on Second 
Street near Pine and on Pine Street, in St. Louis, Mo. These 
bricks had been in the street two years without requiring any 
repair. 

Those on Second street are laid on loose sand and dirt. The 
bricks were taken up from that part of the street carrying the 
maximum traffic. '' Four of those taken up were placed so as to 
give their combined height as worn, and by the side of them were 
placed four never used but of the same size. The difference be- 
tween their respective heights was only half an inch, making only 
one-eighth of an inch wear to each brick. The edges of the bricks 
were broken off by their use and the surfaces rounded just enough, 
It would seem, to make a good foot-hold for the horses." 

Bricks were also taken up between the rails of the street car 
line on Pine street. 

" The old and new were placed side by side as in the former 
case, and no appreciable surface wear was found. But the edges 
were broken, making good foot-hold for the horses. Drivers of 
the cars on this track, with the experience of all the seasons, being 
consulted, said that no portion of the track was so pleasant for the 
horses and safe from slipping as this." 

An official report states : 

" The average daily tonnage carried over each foot in width of 
our pavements accommodating heavy traffic may be set down at 

35 tons The injury to pavements by the hoofs of horses is 

estimated at about one-third of that caused by wheels, and, there- 
fore, the total abrading action of the wheels and horses combined 
may be set down as being 35 plus one-third of 35, or say 50 tons 
per day per foot of width of pavement of streets carrying heavy 
traffic." 

" The loss /;/ surface wear during two years was one^ighth of 
an inch— equal to 2.8 per cent, of the depth of the brick. In this 
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time there had probably passed over the pavement 50 X 365 X 2 
= 36,500 tons. According to this basis 13,000 tons wore off I 
per cent." 

III. From observations on brick taken from the pavement in 
front of a platform scale, Professor Baker writes as follows : 

" The pavement had been down thirty-nine months to a day, 
and in that time 30,734 tons and 54416 horses passed over it, as 
shown from the records of the loads weighed. In other words, 
there passed over the pavement 13,604 loads averaging 1.64 tons, 
and 1 3,604 loads averaging 0.62 tons. Each load was drawn by 
two horses. Excluding the effect of the horses' feet, the traffic 
was 15,367 ions per foot of width" 

"An examination of the surface of the bricks showed conclu- 
sively that the only effect of the traffic had been to wear off the 
corners and edges of the bricks. This was checked by comparing 
the depth of the bricks exposed to the traffic with that of those in 
unexposed portions of the pavement. The wear of the brick due 
to the above traffic was estimated, in volume, by five independent 
observers, the writer being one, and the agreement was astonish- 
ingly close. The average loss as thus estimated was i.oi per 
. cent. Owing to the greater ease with which the square edges of 
the bricks are broken off, it is probable that the greater part of 
this wear occurred during the first part of the time ; but assuming 
that the wear was uniform, we see that if 15,367 tons wore off i.oi 
per cent, then 15,250 tons per foot of width wore off I per cent." 

IV. Mr. Butler has kindly furnished the writer with the amount 
of traffic over the principal streets in Bloomington with the conse- 
quent annual wear. The daily traffic per foot of width is 250 tons 
and the annual wear amounts to one-eighth inch; that is 91,250 
tons causes a wear of 3 per cent., or 30,417 tons wears off i per 
cent. 

Tabulating these results we obtain the following : 

Surface Loss. Tons. 

I per cent. 190,000 

No. I., •* 9S,oco 

•« II., *« 13,000 

" III., ** 15.250 

" IV *« 30,417 

Absorptive Power. — ^The absorptive power of a brick is deter- 
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mined by simply immersing it in water for twenty-four hours or 
longer. The results thus obtained are quite accurate enough for 
all practical purposes. 

If a brick absorbs moisture continually during the rainy season, 
when the cold weather comes, the water freezes and the brick is 
consequently disintegrated. Therefore, in the selection of a paving 
brick, this test for absorption should always be made, and if any 
considerable amount of water is taken in by the brick, it may be 
set down at once as worthless for our purpose. In some localities 
it has been the practice to dip the bricks in creosote to make them 
impervious to water, but this at the best is but a temporary ex- 
pedient and has only been resorted to in cases where the bricks 
were very porous, when they should have been rejected anyway as 
paving bricks. 

Below is a table giving a comparison of the amounts of absorp- 
tion of some of our best known bricks. 

" Comparative Per Cents, of Absorption of Water* 

Bricks immersed for 
Name. Spec. gniv. 3 days. 5 days. 10 days. 

Ottawa, 111., 2.3507 3.22 3.80 4.12 

London Mills, .... 2.2314 3 42 3.78 3.80 

Burlington, Iowa, .... 2.2982 0.90 i.io 1.17 

Galesburg, 111., .... 2.2432 5.32 5.54 5.545 

Bardolph, 111., .... 2.0300 3.37 344 3.45 

Empire, Ohio, 2.1700 5.00 5.85 5.864 

Le Clair, Iowa, .... 2.1743 2.86 3.12 3.20 

Bloomington, 111., A., . . . 2.1852 3.79 3.92 4.06 

Bloomingt6n, III., B., . . . 2.3045 3.18 3.19 3.37 

Bloomington, 111., C, . . . 2.2269 1*^7 2.20 2.70 

Virden, 111., A 2.3166 3.10 3.12 3.82 

Virden, 111., B 2.4150 7.67 7.96 8.71 

Virden, 111., C , .... 2.3601 7.1 1 7.48 8.70 

Hayden block 2.2861 3.25 3.38 3.64 

Common brick, .... 1.8210 15.13 16.06 16.50 

'* All these brick, except the common red brick, come up to the 
standard of having a specific gravity of more than 2.0, and absorb 
less than one-tenth of their weight of water in ten days soaking, 
the Burlington brick absorbing least. The amount of water taken 
up varied almost directly with the vitrifaction of the brick ; in 
nearly all of them the burning could have been carried a little 
farther to advantage." 

 C, P. Chase in Eng, Ntws^ July 26, 1890. 
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Mr. Chase, in his paper from which the above table is taken, 
makes some very terse remarks on the matter of durability, which 
the writer is pleased to have the opportunity of quoting. He says : 
" Paving brick proper have had their reputation greatly injured by 
the use for paving of soft, inferior brick, sometimes tarred or 
creosoted. A good example of this is the brick paving of Nash- 
ville, Tenn. Quite a large amount of pavement was laid with 
creosoted brick ; in a little while they begin to fail, and soon the 
whole country knew it. It was not until lately that the writer 
understood the real cause of the feilure. In looking over one of 
last year's numbers of the Engineering News, an article on the 
failure of this pavement was found which, after noticing the failure, 
ended by saying : * The brick were the common red brick, creo- 
soted.' No wonder the pavement failed. Common red brick 
were never intended to resist the shock of heavy carts or blows 
from steel shod horses, and a brick that will take up tar or creosote 
will soon take up moisture " 

"Unjust comparisons are made between granite or sandstone 
pavements of some of our large cities anH brick pavements of the 
West, the persons making the comparisons forgetting that the 
first is usually on a hydraulic concrete foundation, and a brick in- 
variably on broken stone or gravel." 

It is the writer's opinion that brick as a street paving material 
would answer admirably in any of our large cities provided it had 
a good foundation ; if not for the heavier travelled streets at least 
for those carrying the lighter traffic. 

In 1887 there was a report made public to the effect that brick 
pavement put down in 1885 on Pearl street, Cincinnati, failed. 
The report gave no details. We can only conclude, and fairly 
too, in the light of our present knowledge, that it is highly prob- 
able the bricks were not of the right kind. The Sanitary Engineer 
of August 20, 1 887 (now Engineering and Building Record) says, 
aptly : *' It would be manifestly unfair to condemn the use of brick 
altogether in consequence of an indefinite report such as this is. 
We are inclined to believe that, under right conditions, there is a 
wide field to be usefully occupied by well made brick pavements." 

Comparison of Forms of Bricks. 

Common Bricks, — This brick offers many advantages over the 
patent bricks which are upon the market, chief among which are : 
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the ease with which they can be manufactured and burned ; their 
interchangeability which allows a brick unfit for the upper course 
to be placed in the lower or else sold for building purposes, thus 
lowering the cost of pavement. 

Patent Bruk. — The distinguishing feature of these bricks is their 
increased size over the common brick, which brings us at once to 
a serious disadvantage, and that is the increase in width at the top 
which adds to the tendency of horses to slip. And further, the 
larger blocks are more difficult to manufacture and to burn. Since 
they are higher they are more apt to tip and thus give an uneven 
surface to the street. One slight advantage offered by an increase 
in height is the increased side-bearing surface which tends to sup- 
port the load by simple friction. This advantage is, however, 
counteracted by the greater disadvantages already mentioned. 

Advantages Offered by Brick as a Paving Material. 

1. The material for their manufacture is abundant over a wide 
area in the United States. 

2. When well laid with good brick the pavement is durable. 

3. It is cheap in its first cost, the price ranging from Jli.oo to 
^3.00 per square yard. 

4. It is cheap and easy to relay, due to the regularity of the 
bricks. 

5. It gives a smooth roadway, making it pleasant to ride over 
and reducing the tractive power and wear and tear on vehicles 
almost to a jminimum. 

6. The pavement can be easily cleaned and kept clean. 

7. It gives a good foot-hold to horses. The surface of the brick 
is of that character which prevents horses from slipping over it. 
In this fact, and in that of the brick being calculated to fit the shoe 
of a horse, we have two of the strongest arguments in favor of the 
brick pavement. 

8. It makes a pavement almost as noiseless as asphalt. 
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THE OPTICAL PYROMETER OF MM. MESURE AND 

NOUELL. 



By JOSEPH STRUTHERS. 

The temperature of a body can be approximately judged by 
the experienced eye unaided, and M. Pouillet has constructed a 
table, which has been generally accepted, giving the colors and 
their corresponding temperatures. 

Pouillet's Table. 



Incipient red heat corresponds to . 

Dull red heat corresponds to . 

Incipient cherry>red heat corresponds to 

Cherry-red heat corresponds to 

Clear cherry-red heat corresponds to 

Deep orange heat corresponds to 

Clear orange heat corresponds to . 

White heat corresponds to 

Bright white heat corresponds to 

Dazzling white heat corresponds to . . . 1500-1600 2732-2912 



Degrees C. 


Degrees F 


525 


977 


700 


1292 


800 


1472 


900 


1652 


1000 


1832 


HOC 


2012 


1200 


2192 


1300 


2372 


1400 


2552 



The results obtained, however, are unsatisfactory, as much de- 
pends on the susceptibility of the retina of the observer to light 
as well as the degree of illumination under which the observation 
is made. 

The variations of color resulting from elevation of temperature 
can be sensibly increased, and thus more accurately noted, when 
the middle part of the spectrum (the yellow rays) is eliminated in 
such a manner as to preserve the extreme rays, the relative varia- 
tions of which are greater. This is accomplished by interposing 
a piece of cobalt glass between the eye of the observer and the 
incandescent body. 

The color then observed, in place of changing only from red to 
white, goes from red to blue, always passing by the white. 

This, however, is but little better than the eye alone. 

A few optical methods can be employed for the estimation, if 
not for the measurement, of high temperatures, and they present a 
particular interest by reason of their simplicity, placing them within 
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the use of furnace men as well as scientists. All the methods 
used are based on the property which incandescent bodies possess 
of emitting, as the temperature is raised, a relative proportion, 
more or less considerable, of the most refractory rays of the spec- 
trum. Thus, the color which the luminous body emits varies with 
the temperature, and the result of these variations can be rendered 
accurate in various ways, one of which being the rotation of the , 
plane of polarization by quartz, and on this principle the pyrome- 
ter of MM. Mesure and Nouell has been constructed. This py- 
rometer consists of two Nicol's prisms (Fig. i). A and P, called 




the analyzer and polarizer, enclosed in a sectional metallic tube 
(/, T, T') one inch in diameter and about five inches in length. 
Between these Nicols is a plate of quartz, C cut perpendicularly to 
the plane of its axis, and can be removed by unscrewing the plate 
M. At one end of the tube is a lens, L, and at the other end is a 
removable cap, E, which allows the placing in position of the glass, 
G. There arc two glasses used, one perfectly clear and the other 
having one side ground. The latter is used to tone down the color 
observed through the prisms. At the end G there is a continua- 
tion of the tube about five inches in length, fitted by thread and 
screw and removed when packed in case. Its object is to exclude 
luminous rays from other parts of the furnace than the particular 
part observed. The revolving scale, C, is fastened to the case of 
the analyzer and rotates with it. The support, having the index 
mark, /, upon it, is fastened to the case of the polarizer. When 
this mark is at 0° and 180° on the scale C (the quartz plate being 
removed) the two prisms are crossed and light is extinguished. 
When the quartz plate is replaced monochromatic light is observed 
in place of the darkness, the color of the light depending on the 
thickness of the quartz plate. 
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In this particular instrument described the color at o" and iSo'^ 
is green. 



The whole apparatus (Fig. 2) is packed in a leathern case simi- 
lar in appearance to those made for tield-glasses, and cjtn be sus- 
pended from the shoulder by a light strap. 

The action of the pyrometer is as follows : The index mark is 
placed at 0° on the scale. The color then observed by ordinary 
daylight is green, with just a tinge of red. By rotation from o* 
to 90° the green color at first is intensified, and at 90° (the line of 
separation between the green and red colors) the color observed at 
0° is reproduced. This color is the one to be noted in subsequent 
observations and is called the " citron " color or shade. By rota- 
tion beyond 90° and up to iSo" the red color is at first intensified 
and then gradually merges into the green, reproducing the citron 
color at 180", The action between 180° and 360° is the same as 
just described between 0° and 180°. When luminous bodies are 
observed the angle of rotation from 0° necessary to produce the 
change of color to the citron shade varies with the temperature, 
and thus in itself serves to measure it. 

The following scale is used, and corresponds to the degrees of 
rotation marked in the graduated circle : 



ndicwdby 






greet of Cirde. 


Temp. C. 


Pouillcl'i ScaJc 




900° 


. Cherry.red, 


46° 


1000°, .... 


, Clear cherry-red. 


52° 


IIOO" 


. Deep or.inge. 


57° 


I2O0° 


. Clear orange. 


62° 


1300=, .... 


. White, 


66" 


1400=, .... 


. Bright white. 


69" 


iS«.° 


. Daziling white. 



While much is claimed for its eflficiency by the manufacturer, the 



\ 
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results obtained are only grossly approximate, inasmuch as the 
passage from green to red is progressive, and the exact shade of 
color to note (the " end reaction **) is only approximate, varying 
with each observer, and even with the same observer it is impos- 
sible to reproduce the exact shade of color observed at graduation. 
At the temperature of 1400° C. the shade of color undergoes 
almost no change by the rotation of one degree. This would cor- 
respond to 33^° C, which renders its use for scientific purposes 
of but little value. 

Its special applicability is not so much for ascertaining exact 
temperatures, but more in the direction of constancy of tempera- 
ture, and is of valuable assistance in running a furnace, the temper- 
ature of which must not vary. Under these circumstances the 
furnace man can become sufficiently expert to regulate the furnace 
temperature quite closely. 

There are over a hundred of these pyrometers in use at various 
works in Europe, particularly in the manufacture of porcelain, 
glass and pottery, and also in some few foundries and gas-works. 

The Keystone Cement Co., of Allentown, Pa., is the only refer- 
ence given for its use in the United States, and from a recent com- 
munication from these works, they are not impressed with its 
utility, having abandoned its use entirely. 



NEW METHOD FOR THE ANALYSIS OF TIN-ORES, . 
AND FOR THE SEPARATION OF COPPER AND 

CADMIUM. 

By J. a C, WELLS, Ph.D. 

Tin-Ore. 

The methods for the analysis of tin-ores are so tedious and 
unsatisfactory that I was led, some time ago, to try and discover 
some simpler way of decomposing the ore, that being the chief 
difficulty in all the old methods. 

In my first experiments, fusing the ore with borax was tried, 
and although this was found to effect the desired result, as far as 
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the decomposition of the ore, still it introduced other difficulties 
that caused me to give it up. 

The borax, at the high temperature of the fusion, attacked the 
platinum of the crucible to such an extent that it became necessary 
to separate the platinum from the tin. Boracic acid, as was to be 
expected, acted the same as borax. The idea then occurred to me, 
that the ore might possibly be reduced in the same way as the ar- 
tificial oxide, i.e., by means of nascent hydrogen. On trying the 
experiment, I found that in this way the tin contained in the ore 
could easily be obtained in the metallic state. My first tests were 
made as follows : About one gramme of the finely pulverized ore 
was placed in a large test-tube with a few pieces of zinc and some 
dilute hydrochloric acid. The first trials were made on an ore 
from Cornwall, and it was found to be very easily reduced. A 
sample of Durango ore, consisting of nearly pure cassiterite was 
then tried, but the reduction did not take place as readily as with 
the ore from Cornwall ; the reduction of the latter was nearly com- 
plete at the end of an hour, whilst the former at the end of three 
hours showed little change. I then added a piece of platinum with 
the zinc and acid, and found the result to be very satisfactory, the 
ore being quickly reduced. Heating the test to boiling was also 
found to aid the reaction. The addition of the platinum also 
facilitates very much the subsequent solution of the reduced tin 
in hydrochloric acid, tin alone dissolving but slowly in the acid. 

It is advisable to shake the test frequently during the reaction, 
so as to keep the ore in contact with the zinc and platinum. If this 
is not done, the ore settles to the bottom and the reduction takes 
place very slowly, if at all. 

As soon as the decomposition of the the ore appears to be com- 
plete, the remaining zinc and the reduced tin are dissolved in hy- 
drochloric acid and filtered from any undecomposed ore or gangue. 
This residue should again be tested in the same way, with fresh 
zinc, platinum, and hydrochloric acid, to see if all the tin has been 
extracted by the first operation. After the tin has been obtained 
as chloride, it can, of course, be determined by any of the usual 
methods. 

Instead of dissolving in hydrochloric acid, the tin might be dis- 
solved in ferric chloride, after removal of the excess of zinc, and 
then determined volumetrically. The metal being in such a finely 
divided state would be very easily soluble in this reagent. 
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Separation of Copper and Cadmium. 

I find that copper and cadmium can be easily separated by the 
following method : 

To the neutral solution, containing these metals (ammonia salts 
must not be present) add sodium thiosulphate (hyposulphite) until 
the solution becomes colorless, then add sodium carbonate, and 
the cadmium will be precipitated as carbonate (white) ; filter, and 
to the filtrate add HCl, and boil, and the copper will be precipitated 
as sulphide. To use this method in the ordinary course of analysis, 
the solution, after removal of the bismuth, would have to be evap- 
orated to dryness and ignited so as to remove all ammonia salts. 



PROPERTIES OF PRECIPITATES, ETC. 

By E. waller, Ph.D. 
(Concluded from p. 248.) 

H^TiO^ or Titanic Acid. 

Rem, — Two forms, one tolerably easily soluble in acids, the 
other insoluble, except in very strong acids or by fusion, are 
known to exist. The " insoluble " form is obtained by boiling the 
solution acid with sulphuric. The small amounts of phosphoric 
acid present in iron ores and other minerals interfere somewhat 
with the complete separation on boiling. 

Cond, — Dilute solution containing but little free H^O^. HCl 
and chlorides should be absent. Long boiling is necessary, the 
bulk of the solution being maintained. Fe, if present, should be 
in the ferrous form. HC3H3O, favors the precipitation. The best 
conditions for the separation of titanic acid are boiling an acetic 
acid solution reduced by SOj. 

Sol. — ^The soluble form is attacked by the same solvents as 
Fe2(OH)5. The " insoluble '' form is slowly soluble in hot con- 
centrated HCl or H2SO4, or by fusion with KHSO4. 

Contam. — Fe303, AI2O3, SiOg and P2O5. Some iron inevitably 
is converted to Fe^O,, and separates with the precipitate. By re- 
solution, reducing and re-precipitation, almost all can be removed- 
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AljOj is prevented from contaminating the precipitate by the larger 
proportion of free acid. SiOa may be expelled after ignition by 
treating with HFl (or NH.Fl) and HjSO,. PA by fusion, for 
some little time, with NajCO,, and washing with dilute Na2C03 
solution, which leaves behind Na^TiO,, soluble in acids. 

Ign. — Converted to TiOj. Retains some SO^; removable by 
adding a few pieces of solid ammonium carbonate and re-igniting. 
Volatilized by ignition with HFl, alone or with an insufficient 
amount of H2SO4. 

[xNa^OyTiO^Na^TiO^. Sodium titanate. 

Rem, — Usually obtained by fusing material containing TiOj and 
P2O5 for some time, to convert them into sodium salts, and then 
to separate them by lixiviation. Chiefly of service as a step in 
the determination of phosphorus in titaniferous ores. 

C<?«rf.-— Long fusion at a fairly high temperature is necessary. 
A repetition of the fusion of the portion insoluble in water, with a 
fresh lot of sodium carbonate, is at least necessary in order to 
prove the efficiency of the first fusion. 

SoL — Dissolved by acids ; to some extent by water alone. In- 
soluble in solution of Na,CO,. The washing (leaching) of the in- 
soluble portion should be continued until the washings begin to 
run cloudy. 

Contam. — As usually applied to iron ores or precipitates from 
solutions thereof, the insoluble residue may contain besides sodium 
titanate, FejO,, acid sodium silicates, alkaline earth carbonates, etc. 

2ZnC0i.'iZn{0H)y Basic Zinc Carbonate, 

Rem, — Usual precipitant, Na^COj. Flocculent at first, becoming 
more granular by boiling. 

Cond, — Solution should not contain caustic or bicarbonated 
alkalies or any ammonia salts. If CO, is evolved by addition of 
the reagent, it must be boiled out. Only fixed alkalies besides the 
zinc should be present. 

SoL — Dissolved by dilute acids, ^xed caustic alkalies, bicar- 
bonates and ammonia salts ; also by organic solutions. A very 
large excess of fixed alkaline chlorides hinders or partially prevents 
the precipitation. Insoluble in water and small amounts of fixed 
alkaline carbonates. 
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« 

Contam, — Alkaline carbonate, necessitating several washings by 
decantation with boiling water to remove it. FcjOj, — AljOj, — 
SiOj. By dissolving the precipitate in HCl after ignition, AljOj 
and SiOg are left insoluble; on precipitating the solution with 
ammonia, redissolving and reprecipitating two or three timesi 
Fe2(OH)g is separated. These impurities may then be ignited, 
weighed and deducted. 

Ign. — Converted to ZnO, which in itself is not volatile. In con- 
tact with C or reducing substances, metallic zinc which is volatile 

may be formed. 

ZnNHJ'O,. 

Rem. — Usual precipitant, NaNH^NPO^. Some prefer NagHPO 
in presence of ammonium salts. The best method of procedure 
is to add the alkaline phosphate to the acid solution and then 
to neutralize the hot solution by adding ammonia, little by little, 
finally to heat, immersing the beaker in a boiling water bath, 
until free NHj is expelled and the precipitate is crystalline. The 
solution containing the precipitate cannot be boiled without bump- 
ing vigorously. The precipitate can be dried at ioo° and weighed 
as ZnNH4P04 or ignited and weighed as Zn^PjO,. 

Cond, — Oxalates should be absent. Large excess of ammo- 
nium chloride or acetate should be particularly avoided. Prac- 
tically, the solution should only contain alkalies besides the zinc. 

SoL — Dissolved by acids, excess of ammonia, ammonium oxa- 
late chloride or acetate, especially if hot. The solvent effect of 
the chloride and some other ammonium salts is to a very great 
extent diminished by the use of an excess of alkaline phosphate 
(about three times as much as is required to afford the compound). 

Ign, — If heated up too rapidly, some loss may be experienced. 
In contact with C, a partial reduction to metal and consequent loss 
may occur. The precipitate should be carefully separated from 
the filter paper and the same burned separately, or it may be 
dissolved by means of dilute nitric acid into a weighed capsule and 
the solution evaporated and finally ignited. 

After ignition the precipitate is usually opaque, white, some- 
what sintered together ; sometimes, without apparent reason, it 
fuses to a glass. 

ZnS.H^O. 

Rem, — Usual precipitant, H2S in neutral solution, or one acid 
with some organic acid (acetic, citric, formic, etc.). Precipitation 
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can be effected (though slowly) in HjSO^ solution ; the smaller the 
proportion of free H^SO^, the more complete the separation. 
NH^Cl favors its separation in a granular form, and checks a 
tendency to run through the filter paper, which it sometimes ex- 
hibits, especially when the solution contains free ammonia. Oxi- 
dizes slowly on exposure to the air. 

Cond, — Solution should be alkaline or acid only with some of 
the weaker organic acids. Free mineral acids prevent the pre- 
cipitation to a greater or less extent. HjSO^ has the least effect, 
HCl the greatest. Boiling facilitates the formation of the precipi- 
tate, but increases the solvent power of acids upon it. Fe should 
be absent. 

Sol, — Dissolved by dilute HCl and HNO, or by moderately 
strong H2SO, when hot. Insoluble in alkalies, neutral solutions 
and in organic acids though the latter, when in excess, retard 
somewhat its formation. Free ammonia has a similar effect. 

Contam. — MnS or Ni,Co and Fe sulphides. Fe should be sepa- 
rated previously. From the others it may be freed by re-solution, 
neutralizing and reprecipitating. 

2MnC0^.Hfi. 

Rem. — NajCOs usual precipitant. When precipitated cold, white 
and flocculent — ^by boiling becomes granular and assumes a light 
brownish shade, probably from oxidation. 

Cond, — Solution should not contain bicarbonates or ammonia 
salts. If CO, is evolved by the addition of the precipitant to an 
acid solution, it must be boiled out. Solution must be rendered 
alkaline by the reagent. 

SoL — Dissolved by dilute acids, bicarbonates, ammonia salts and 
solutions containing citrates, tartrates, sugar, etc. Also by solu- 
tions containing large amounts of fixed alkaline salts. 

Contam. — ^Alkaline carbonate requiring several washings (by de- 
cantation) with boiling water to remove it. Fe^O,, — removed by 
repeated solution in HCl and reprecipitation with ammonia after 
igniting the precipitate. 

SiOj by dissolving the ignited precipitate in acid and filtering 
off. 

Ign. — In contact with air gives black Mn,04 non-volatile. Re- 
cent investigations tend to show that the composition is not abso- 
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lutely constant. If alkali has not been washed out, ignition in 
contact with the air affords alkaline nianganate. 

MnNfl^PO,. 

Rem. — Usual precipitant, NaNH^HPO^ or Na2HP04 in presence 
of ammonium salts. Best managed by adding the reagent to the 
acid solution of Mn. boiling and then adding ammonia little by little 
to the boiling solution, until a slight excess is. present, then heat- 
ing on the water-bath until the precipitate assumes completely the 
crystalline form. 

Cond. — The Mn must be entirely in manganous form, and solu- 
tion alkaline, though not strongly so. An excess of phosphate 
(about three times as much as is required to form the combination) 
must be present. Oxalates should be absent, as well as excessive 
amounts of ammonia salts or free ammonia. 

Sol. — Dissolved by acids. Somewhat soluble in decided excess 
of ammonia, in NH^Cl and some other ammonium salts. The 
solubility in these last is neutralized by the presence of an excess 
of the precipitant. When too large proportion of ammonia is 
present, the precipitate, which should be white or faintly pinkish, 
becomes deeper in color, sometimes quite brown. 

Contam, — Practically none if bases forming insoluble phos- 
phates are absent and moderate care is used in washing. 

Ign, — Converted to MnjPaOy. The temperature should not be 
too rapidly raised or there may be some loss. The peculiar nacreous 
lustre of the precipitate is more pronounced after ignition. Sinters 
somewhat. Not volatile. 

MnO^ {or MnO^Hfi, Mn0^2Hfi, etc.). 

Rem. — For separation in two separate cases, i. From acetate 
solution by addition of an oxidizing agent, usually Br. 2. From 
a boiling solution in nitric acid, by addition of crystals of KCIO3. 
Also (3) obtained in titration by the Volhard method — adding 
standard (volumetric) solution of KgMnjOg to a solution neutralized 
by ZnO. In all cases the precipitate probably contains some 
water of constitution (hydrated oxide). 

Cond, — Absence of HCl or other halogen acids, lower oxides of 
nitrogen or reducing agents. In Case i a fair proportion of alka- 
line acetate must be present, to supply base to the mineral acid 
which might otherwise be set free. Boiling solution necessary. 
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Sol, — Dissolved or prevented from forming by dilute mineral 
acids, particularly HCl. Insoluble in moderately strong acetic or 
in concentrated nitric. When formed it is soluble in strong HCl, 
forming temporarily an olive-green solution of MnjCl^, which be- 
comes practically colorless MnCl, by heating. Readily dissolved 
by HCl or H^SO^ in presence of reducing agents (SOj, HjQO*, 
FeSO*. etc.). 

Contatn. — Salts of fixed alkalies, FcjOa, ZnO. 

Ni (Electrolytic), 

Rem, — Requires a stronger current than Cu — two or three Bun- 
sen cells (i2 to 14 c.c. oxyhydrogen gas per minute). The rapid 
deposition of the metal is somewhat checked as soon as a coating 
of nickel has formed, tending to be slower, the thicker the coating. 
This peculiarity is most marked in cold solutions. In preparing 
for weighing it is treated as electrolyzed Cu, by washing with 
water, then with alcohol, and drying at a gentle heat. 

Cond. — Solution should contaiil no other metals of the (NH4)jS 
or HjS groups. Chlorides should be preferably absent. The so- 
lution should contain the nickel as double ammonium nitrate, 
sulphate or oxalate (the latter most advantageous) and excess of 
ammonia. The operation is more rapid at 70° C. In conse- 
quence, ammonia requires to be added from time to time. 

SoL — Dissolves readily in HNO3. especially with the aid of heat. 
Slowly soluble in strong solution of (NH4)2C204. 

Contam, — Co, Fe and Zn, being precipitated from oxalate solu- 
tion under the same or similar conditions, may be present in the 
coat unless previously separated. 

Ni{OH)^ and Ni^{0//),. 

Rem. — Usual precipitant, KOH or NaOH. If the solution con- 
tains free halogens, or hypochlorites, hypobromites, etc., NiafOH)^ 
may be precipitated dlack. The most marked characteristic of the 
precipitate is the persistency with which it takes up and retains 
impurities derived from the solution. 

Cond, — No bases other than fixed alkalies should be present. 

Sol. — Dissolved readily by mineral acids. Soluble or prevented 
from precipitation by NH4 salts and tartrates, citrates, etc., or other 
organic solutions. 

Contam, — Alkali used as the precipitant, FcjOj, AI3O3 and silica 



PROPERTIES OF PRECIPITATES, ETC 303 

from the reagents. The precipitate requires thorough washing by 
decantation with boiling water. After ignition and weighing, it 
should be dissolved in HCl, which leaves SiO, and AljO,. From 
this solution the iron should be precipitated by ammonia, filtered, 
redissolved and rep.recipitated again, and these impurities ignited, 
weighed and the weight deducted. 

Ign. — If only moderately, some NijOj is contained in the pre- 
cipitate. If strongly ignited, it all becomes green NiO. The tint 
is not a pure green like that of ignited Cr,Oj. but lighter and some- 
what muddy. 

NiS.H^O. 

Rem. — For separation only. Usual precipitant H,S in weak 
acetic solution, or (NH4)2S followed by acetic acid in excess. Oxi- 
dizes easily in contact with the air, with partial formation of NiSO^. 
Should be washed by and kept in contact with HjS water during 
manipulation. 

Coffd. — Absence of other members of (NH4)2S or H^S group. 
NH4CI in the solution assists materially its separation in the 
granular form. Free ammonia, on the other hand, tends to keep 
the precipitate suspended in the liquid. The solution should be 
only slightly acid with acetic acid or else barely alkaline. 

Sol, — Formation of the precipitate prevented by moderate 
amounts of free acetic acid or mineral acids. When once formed, 
it is insoluble in these menstrua unless oxidized by exposure to 
air, which may easily occur. Somewhat soluble in (NH4),S. To 
meet these peculiarities of the compound, the solution should be 
rendered alkaline with ammonia, and H,S passed in, or (NH4),S 
added, and when the precipitate is fully farmed, the solution is 
acidified with acetic acid, and the precipitate allowed to settle 
(which occurs readily if NH4CI is present). Soluble in hot 
HNOj or in aqua regia. Soluble in KCy. 

Contam. — Sulphides of (NH4)2S group, if not previously sepa- 
rated. 

Ign. — Gives mixture of oxide and sulphate. 

Co^ {N0^\ 6KN0^, 

Rem. — Usual precipitant, KNO, in a solution slightly acid with 
acetic. Yellow crystalline precipitate, forming best in a warm 
solution. 
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Cond. — Solution should contain only Co. Ni and K salts. It 
should be a nearly saturated solution of KQH^O,, containing but 
little free acetic acid. 

Sol, — Dissolved by HjO, acids, NH4 salts. NaCl and most other 

Na salts. Insoluble in KC2H3O2 and other K salts. Insoluble in 

.dilute acetic, and in alcohol. The precipitate should be first 

washed with a 10 per cent, solution of KCjHjOj, and the latter salt 

finally removed by washing with alcohol. 

Contam, — If Ca or other alkaline earths are present, a yellow 
NiCa nitrite, similar in properties (solubility, etc.) to the Co com- 
pound will separate. Pb also gives a similar compound. Care in 
washing off K salts is necessary. 

Ign. — By addition of H3SO4 and ignition, the precipitate is con- 
verted to 3K2SO4 + 2C0SO4. One method of management consists 
in dissolving the washed precipitate through the filter with a little 
hot dilute H^SO^ into a weighed capsule, evaporating and igniting. 
Some KHSO4 may remain afler ignition ; removed by addition of 
a small lump of solid ammonium carbonate and igniting. 

CoS.H^O. 

Rem. — For separation only. Properties essentially the same 
as those of NiS.HgO. Precipitant, HjS in weak acetic solution 
or (N 1^4)25. Oxidizes readily in the air when moist, some sul- 
phate being formed. Should be kept in contact with HjS water 
during filtration. 

Coftd. — Absence of other members of (NH4)2S or HjS group. 
NH4CI assists the separation. Unlike NiS.HjO, free NH^OH 
does not materially influence the separation. Solution should be 
preferably slightly acid with acetic before filtration {zfid. NiS.HjO). 

Sol. — Formation of the precipitate prevented by moderate 
amounts of free acetic or mineral acids. When once formed, 
however, it is insoluble in these menstrua. Of the ordinary 
mineral acids, HCl has the strongest preventive effect, H2SO4 the 
least ; but a very small amount of free H2SO4 retards the separa- 
tion markedly. Soluble in hot HNOj or in aqua regia; also in 
KCy. 

Contam. — Usually accompanied by Ni or other members of the 
group if not previously separated. 

Ign. — ^Affords mixture of oxide (Cog04) and sulphate. 
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Cu. 

Rem. — Obtained by electrolytic deposition on platinum from 
acid solution. Free HNO, gives a bright coating. Too strong a 
current gives a spongy, imperfectly adherent coat. 

Cond. — Sulphuric acid solution preferable, with or without a 
few drops of nitric acid. Not over 8 per cent, of free acid should 
be present. Chlorides disadvantageous. Organic acids (as citric, 
etc.) should not be present, since they afford a brittle deposit con- 
taining organic elements. 

Sol, — Easily soluble in HNO,. When that acid is present at 
the end of the operation, flood out the dish with water before 
breaking the current. Deposit dissolved or prevented from form- 
ing by CI, lower oxides of nitrogen or too strong acid. 

Contain. — If free HNO3 is absent, As, Sb or Bi may occur in 
the deposit, rendering it blackish. A black coloration is, how- 
ever, sometimes due to other causes. If free HNOj is present, Zn 
if present, begins to deposit (imperfectly) as soon as all the Cu is 
precipitated. Pb and Mn may separate from the solution on the 
other pole, as PbOj or MnO,, and in case a dish is used these 
oxides may fall to the bottom and be caught in the deposit. 
Sn02(xHjO) may also separate from the solution and be caught in 
the deposit in the same way. 

Ign, — Easily oxidized by heating in air or oxygen. After de-. 
position and washing with water, the water should be rinsed oflF 
with alcohol, the alcohol drained off and the dish dried at a tem- 
perature which can be borne by the hand, not higher. 

CuO or iCuO.H^O. 

Rem. — Usual precipitant, KOH or NaOH in a boiling solution 
or one subsequently boiled. NajCOj or KjCO, may also be used 
in the same manner. The precipitate, at first the light bluish 
hydrate or basic carbonate, becomes black on boiling from elimina- 
tion of HjO. 

Cnnd. — Alkaline solution, not containing bases, the hydrates of 
which are more or less insoluble. NH4 salts and organic substances 
should be absent. 

Sol. — Dissolved by acids, also by NH^ salts and organic solu- 
tions, as citrates, etc. Precipitation prevented by alkaline bicar- 
bonates, especially by KHCO,. 
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Contain. — Chiefly v the alkali of the precipitant, which is washed 
out with great difficulty. Some SiO, dissolved by the reagent from 
the bottle in which it was kept, or otherwise introduced, may also 
be present. Left behind on dissolving in acid the ignited and 
weighed precipitate. 

Ign. — Obtained as black CuO. Some reduction to the metallic 
form by contact of C may occur, but as the metal is not volatile it 
is readily restored by ignition with a few drops of HNO,. The 
use of platinum where reducing substances may be mingled with 
the precipitate is inexpedient. Precipitate quite hygroscopic after 
ignition. 

CuS. 

Rem, — Usually for separation. When for determination, treated 
as suggested under " Ign!' for production of CujS. Has ordinarily 
a brown to black color, but when precipitated along with sulphur^ 
has an orange-red color. 

Cond, — Acid solution usually used, though not indispensable. 
Precipitation can be effected promptly in presence of moderately 
strong H2SO4, or of HCl if not too strong or hot. If HNOg is 
present, the solution must be dilute and cold. 

SoL — Soluble in hot dilute HNO, and in HCl when hot and 
moderately strong. Somewhat soluble in (NH4),S, especially if 
polysulphides are present. Insoluble in HCl or HjSO^, or in 
NaHS or KHS, unless polysulphides are present. 

Ign. — Partly reduced to Cu with C. Converted to Cu,S by 
mixing with sulphur and igniting in a current of hydrogen (in a 
Rose crucible). 

PbSO,. 

Rem, — Usual precipitant, HjSO^. By digestion with alkaline 
carbonates or bicarbonates, it is converted to PbCOj. 

Cond, — Solution should be acid with HjSO^ and contain little or 
no free HNO, or HCl. The larger the proportion of these acids 
and the warmer the solution, the more H2SO4 required. NH4 salts 
and salts of organic acids should not be present. Also, any large 
proportion of chlorides. 

SoL — Readily soluble in concentrated mineral acids, HjSO^ as 
well as the others, but less soluble in dilute H2SO4 than in pure 
water. Soluble in Na^SjOj, in caustic alkaline solutions, and in 
ammonia salts, notably those of organic acids especially wh^n free 
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ammonia is present. NH^CjHjOa and (NH4)3QHflOy may be used 
for this purpose. To obtain PbSO* for ignition and weighing, the 
usual procedure is to wash off all other substances with very 
dilute H2SO4 and then to remove the latter before drying by wash- 
ing with alcohol. 

Contam, — If all other sulphates (than PbSOJ have not been re- 
moved by washing with dilute HjSO* as just described, the pre- 
cipitate may be contaminated with sulphates, most of which are 
insoluble in alcohol. 

Ign. — Unchanged by a moderate heat. At temperatures usually 
higher than are ordinarily obtained with a Bunsen burner, the com- 
pound may fuse, but without volatilization. 

With C partially or entirely reduced to Pb, PbS, etc., which 
are volatile. The precipitate should be separated from the filter 
paper, which should be separately incinerated (in the cover of the 
porcelain crucible) with the aid of a few drops of concentrated 
HNOs and HjSO^, the ashes and precipitate united and the whole 
ignited before weighing. 

PbCrO,. 

Rem. — Usual precipitant, KjCrjO^ in solution acid with acetic. 

Cond. — Bi, Ba, Ag and Fe should not be present. Solution 
should not contain chlorides or large amounts of alkaline salts, and 
should be acid with no stronger acid than acetic. Alkaline citrates, 
tartrates, etc., should be absent. 

Sol, — Dissolved by moderately strong mineral acids and by 
caustic alkalies. HCl reduces the chromium partially or entirely 
to CrjCIg, more readily in the presence of acetic acid, alcohol or 
other carbon compounds. Soluble in hot moderately concentrated 
solutions of (NH4)CaH302. Insoluble in very dilute HNO,. 

Contam. — Possibly Ba, Bi or Hg, chromates, etc. If much Fe 
is present, the precipitate is likely to contain that element, proba- 
bly as Fe2(Cr04)3. 

Ign, — Alone fuses and parts with some oxygen. With C it is 
more easily decomposed, some metal being reduced. On account 
of these properties the precipitate is usually dried on a weighed 
filter for estimation. The Gooch filter in which, if paper is used, 
it need be only about the size of a five cent piece, is especially 
advantageous for this purpose. 
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PbS. 

Rem. — Usual precipitant HjS. Partially decomposed by drying 
at 1 00° C. Used for separation. 

Cond, — Solution may be slightly acid, neutral or alkaline. HCl 
interferes most with complete separation, HNO3 less, and H^SO^ 
least. If the solution is acid with any large proportion of these, 
the precipitation is best effected in the cold. 

SoL — Dissolved by dilute boiling HNO3. though that solvent 
almost invariably affords some PbS04. Of concentrated acids^hot 
HCl is the best solvent, since with either HNO3 or H2SO4, some 
PbSO^ will form in such a way as to protect a portion of the 
sulphide. Soluble in NajSjOa- 

Ign, — ^Volatilized. Easily reduced to metal hy ignition with C. 

AgCL 

Rem, — For determination of Ag, usual precipitant, HCl. For 
determination of CI, usual precipitant, AgNO, Separates most 
readily in presence of an excess of silver salts. Partially decom- 
posed by heating with strong HNOjOr H2SO4. Darkens in strong 
daylight, more quickly in sunlight, but may become very dark 
without material loss of weight. 

Cond, — Acid solution, absence of any notable quantities of alka- 
line chlorides or other alkaline salts. 

SoL — Partially dissolved by moderately strong and hot HCl or 
HNO,. Somewhat soluble in alkaline and alkaline earth chlorides 
and nitrates. Readily soluble in NH^OH, in KCy and in NajSjO,. 
In the latter, less readily if the substance has been changed by light. 

Ign, — Fuses at a low temperature (dull red) and volatilizes at a 
little higher temperature. Easily reduced to metal by strong heat 
especially when mixed with NajCOj or C, On burning the filter 
paper (which should be separated from the precipitate), the ash 
should be treated with HNO, to obtain AgNOj, then a drop or 
two of HCl is added to restore AgCl, and the whole after drying 
cautiously heated to incipient fusion. 

Rem. — Usually precipitated by HjS in HCl acid solution. From 
the solution of arsenic sulphides in alkaline polysulphide, the ad- 
dition of acid separates AsjS^. AsjSj requires very thorough dry- 
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ing before weighing, the last portions of water being driven out 
with difficulty. 

Cond. — Solution acid, with some mineral acid (HCl preferable). 
As should be in triad form. If in pentad form, it is slow to reduce 
and precipitate (As^S, + S2) by prolonged action of HjS and warm- 
ing. 

SoL — Dissolved by alkaline solutions (hydrates, carbonates or 
sulphides), also by aqua regia, fuming nitric acid, water solutions 
of chlorine, bromine, etc. In a neutral solution, scarcely any pre- 
cipitation occurs. Insoluble in strong HCl, even on boiling. 
Practically insoluble in H2SO4. Dissolved by KHSOj. 

Ig7i. — Readily volatilized without change of composition. 

MgNHJisO^, 

Rem. — Usual precipitant MgCl, in ammonia solution containing 
alcohol. Precipitate white, crystalline closely resembling MgNH4 

PO4. 

Cond. — Solution alkaline with ammonia, containing a minimum 
amount of NH4CI, and 25 to 30 percent, of alcohol. No sulphates 
or other compounds, partially or entirely insoluble in alcohol of 
this strength, should be present. The As must be in pentad form 
(a condition realized in solutions containing alkaline polysulphides). 

SoL — Dissolved by acids, or on application of heat. Somewhat 
soluble in water and in NH4CI, an effect partly neutralized by 
presence of ammonia and alcohol, in which it is insoluble. 

Contam, — Basic Mg salts, sulphates and other salts partially or 
entirely insoluble in diluted alcohol. 

Ign. — Partially volatilized if heated up quickly. By slow heat- 
ing it is dried and finally altered to MgjAsjOy which is non-volatile. 
With C partly volatile. A convenient method of management 
consists in dissolving the washed precipitate through the filter by 
dilute HNO3 into a weighed capsule, evaporating, igniting slowly 
and finally intensely. 

Sb^S^ 

Rent, — Usually precipitated by H^S in acid solution, or by acid- 
ifying solutions of sulphantimonite. 

On drying, the precipitate does not surrender all H3O until the 

temperature is raised to 200° C, when it becomes black. This 
VOL. KIT. — 21 
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degree of heat is liable to char the paper when dried on a weighed 
filter. 

By the action of oxidizing agents (Br, HNO,, HgO, etc.,) it is 
converted to Sb,04. 

Cond, — Solution slightly acid and moderately dilute. An excess 
of HgS causes a more rapid separation of the precipitate. If too 
acid or too concentrated the precipitation may be imperfect. 

Sol, — Precipitate dissolved or prevented from forming by mod- 
erately concentrated acids, especially HCl. H2SO4 has much less 
effect. The preventive effect is increased with the temperature. 
Tartaric acid in the solution assists precipitation. 

Dissolved by fixed alkalies or alkaline sulphides. 

Scarcely soluble in ammonium carbonate or KHSO3. 

Somewhat soluble in HgCjO^, but insoluble in it if boiled in 
presence of an excess of HjS. (Separation from tin.) 

Contam, — S usually accompanies the precipitate. To remove 
this the water is first displaced by alcohol, and the S dissolved out 
by CSj. 

Ign, — Partially or entirely volatilized by ignition alone, or with 
reducing agents. Mixed with 30 to 50 times its weight of HgO 
and ignited, it is converted to Sb204, which is stable at the ordinary 
temperature of ignition. Frequently, however, it is converted to 
Sb204 by Br or HNO, before ignition. 

Rem, — The above is called the ** insoluble " form of hydrated 
stannic oxide, because not readily soluble. It is usually obtained 
by boiling slightly acid (HNOj or HjSO*) solutions containing the 
soluble form in partial suspension, or by boiling weakly acid solu- 
tions (of stannic compounds) containing neutral alkaline salts 
(NH^NOj, NaNO,, NajSO^, etc.). The presence of acetates assists 
the separation. 

Cond, — HCl or chlorides should be small in amount, preferably 
entirely absent. Solution should be acid, tolerably dilute, and 
boiled for some time. 

SoL — The "soluble" form (obtained by neutralizing stannic 
solutions with caustic or carbonated fixed alkalies) is readily 
soluble in excess of the alkali or in acids. The ** insoluble " form 
is only soluble with difficulty in HCl, or in caustic alkali, and 
practically insoluble in dilute HNO, or H3SO4. 
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Contam. — As and Sb oxides, which should have been removed 
previously. In analyses of bronzes, etc., CuO removed by long 
digestion with dilute HNO3. SiOj, removable by treatment with 
HFl and HjSO^. FcjOj, removed by fusion with NaOH or NajCOj 
and after further treatment by well-known methods, separating the 
FejOa, which is weighed and deducted. This operation is usually 
performed upon a weighed portion of the precipitate. 

Jgn. — Requires intense heating to remove all HgO. Not easily 
reduced to (volatile) Sn by C, though such reduction is possible, 
on igniting the precipitate. Volatilized as chloride by ignition 
with NH4CI. Otherwise not volatile at high temperatures. 

0^02. 

Rem, — Usually precipitated by HgS in acid solution, or by acidi- 
fying solutions of alkaline sulpho-stannate. Obtained for purposes 
of separation, or for determination as SnOj after oxidizing. Dis- 
position to run through the filter checked by alkaline acetates or 
nitrates, etc. 

Cond. — Solution slightly acid, moderately dilute. Precipitation 
promoted by acetates, interfered with by alkaline oxalates or oxalic 
acid. 

Sol. — Moderately concentrated acids, especially HCl, dissolve or 
prevent precipitation. The influence is more marked the more 
concentrated the acid, or the higher the temperature. Soluble in 
a boiling solution containing free HjCjO^. (Separation from Sb.) 

Tgn, — If rapidly and strongly heated, some SnSj may be vola- 
tilized. By moderate heating with access of air, SnOj forms with- 
out loss. It is, however, usual to assist the oxidation with a few 
drops of HNOj added from time to time. 

Ammonium Fhosphomolybdaie. i2MoO^{NH^^FO^-\-. 

Rem. — Yellow finely crystalline precipitate. Precipitant (NH4)j- 
M0O4 in HNO3 solution. The ratio of MoOj to PjO^ in the pre- 
cipitate varies according to the proportion of substances present 
in the solution (NH^NO,, Fe2(N0s)g, etc.), the proportion of free 
acid, the kind of acid, the length of time elapsing before filtering, 
and the temperature at which it is effected. With the same or 
closely similar conditions, the ratio of M0O3 to PjOj is essentially 
the same. Precipitation promoted by agitation. When precipita- 
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tion is complete, the precipitate settles rapidly after stirring. Pre- 
cipitated under the conditions described by Emmerton (volumetric 
determination of P in irons), the ratio of MoO, to PjO^ is 24 to i. 
Cond, — Solution should be acid with HNOj. Too much free 
HNOg retards or may prevent complete precipitation; too little 
allows FejOj to come down with it, in which case the color is more 
orange. An excess of the precipitant should be present ; also at 
least 10 gms. of NH^NOj for every o.i gm. or less of P present. 
Temperature should be 70 to 85° C. Below 70® the separation 
is very slow, whereas on boiling (other conditions being right) 
MoOj or FejO, may accompany the precipitate. Reducing agents, 
organic acids, silica, chlorides and HCl should be absent. HjSO^ 
and sulphates retard precipitation. If the precipitate is to be dis- 
solved for volumetric estimation, in a solution of material contain- 
ing but little iron, some iron should be added to give correct re- 
sults, or the standard should be obtained with material of the same 
character. 

Sol, — Readily dissolved by NH4OH and other alkalies ; also by 
alkaline phosphates. If the ammonia is too strong, however, the 
solution will be turbid with (NH4)2Mo04. Dissolved or decom- 
posed by water alone, the more readily, the higher the tempera- 
ture. Precipitation prevented by tartaric acid or organic sub- 
stances of that class. Somewhat soluble in HCl, or moderately 
strong H2SO4 and HNO3. Insoluble in weakly acid solutions and 
acid solutions of NH4 salts. Solution for washing should contain 
I per cent. HNO, and 10 per cent. NH4NO,, or a corresponding 
amount of H2SO4 and (NH4)jS04. 

Contam, — Arsenio-molybdate, silica, Fe,Oj, TiOj. 

Arsenio-molybdate precipitates the less readily the lower the 
temperature. By allowing the solution to stand for about two 
days at 40° C, the phospho-molybdate may be precipitated free 
from arsenic. When present, however. As is separated either 
before or after. 

Silica, either as hydrated SiO, or as silico-molybdate (the exist- 
ence of which is disputed), may be present. By allowing the am- 
monia solution to stand for some time after addition of NH4CI, the 
flocculent silica separates and may be filtered off. 

FcjOj in the precipitate often causes it to separate in crusts on 
the sides of the beaker. On attempting to dissolve in ammonia, 
yellow to red Fe2(OH)j mixed with Fe,(PO)j remains undissolved. 
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After washing with ammonia, this residue is dissolved in HNOs, 
the solutions united and reprecipitation eflfected, after acidifying 
with HNOa- 

Hydrated TiOj (which retains P2O5) can be separated by fusing 
the portion insoluble in ammonia for some time with NajCOs {vid, 
NajTiOj), leaching with water, and in the water solution repre- 
cipitating with the molybdate reagent 

Silica. 

Rem, and Cond. — On adding an excess of mineral acid to a solu- 
tion containing a silicate, free silicic acid containing indefinite 
amounts of water is formed, partially or entirely soluble. On 
evaporation HjO (of constitution) is removed and insoluble SiO, 
is separated, which may be filtered off after digestion with diluted 
acid, HCl is the acid most frequently used. When HNOj is 
used, regard must be had to the fact that certain nitrates (Fe,(NOj),, 
etc.) are decomposed at the temperature usually employed to drive 
out the last portions of the water (no to 130° C), and are not 
readily re-formed by digestion with diluted HNOj. The heat is 
usually maintained until there is no perceptible odor of acid. With 
HaS04. the heat is continued until fumes of SO, are evolved, in- 
dicating that H2SO4 is the only free acid remaining. If the heat 
has not been sufficiently prolonged or intense, the separated silica 
may be flocculent and filters with difficulty, or some may remain 
soluble. 

If the heat has been too high, the conditions may have favored 
a re-combination of silica with the bases, and consequent soluble 
silica (analogous to the action by fusion). The temperature 
which can safely be applied may be put at 110° to 120°. 

According to Gilbert (Techn. Quarterly , February. 1890), when 
only Ca and alkalies are present, the temperature of drying may 
be carried up to 280° C. without detriment, but if Mg is present, 
re-combination of the bases with the silica is best prevented by 
drying at 120^ C. Some alumina almost invariably remains with 
the silica if Al is present in the solution. 

SoL — Dissolved by boiling or fusing with fixed alkalies, caustic 
or carbonated. Insoluble in water and acids (HFl excepted). 

Contant. — Insoluble sulphates (PbS04, BaS04) removed by di- 
gestion with cone. H2SO4, and filtering through asbestos. (For 
other solvents of these substances, vid. sup.) In some cases 
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CaS04. removable by digestion with HCl and NH4CI. The pre- 
cipitate may also contain a form of Fe2(S04)3 (when separated from 
cone. H2SO4) which dissolves in dilute HjSOiWith some difficulty, 
but is readily soluble in HCl. 

SnOj or Sb204 may be retained, as well as TiOj (possibly com- 
bined with P2O5) and ferric or alumnic oxides or basic salts. TiO^ 
tends to hold PgOgjAljOj and FegO, in the precipitate. To avoid 
error in such cases, the SiOj should be determined by loss, adding 
HF or NH4F (and in any case H2SO4) igniting off SiF4 and weigh- 
ing again. This treatment is advisable whenever AljO, is present 
in the solution in any quantity. 

Ign, — Precipitate is very light and fine, and readily carried oft 
by flame, requiring especial precaution on igniting. After ignition, 
the precipitate will absorb appreciable amounts of water if exposed 
to air containing moisture. 



QUARTATION AND WEIGHING. 

By HERBERT R. WOOD, FELLOW TORONTO UNIVERSITY. 

In making an assay for gold, two half assay tons are usually 
taken, as the amount obtained from half an assay ton is frequently 
so small that it is impracticable to weigh. The beads should be 
removed from the cupels with a small pair of forceps, such as jew- 
ellers use, placed on the stand or support, again picked up with the 
flat surface, squeezed, the hand turned over, and the bead brushed 
free from bone-ash with a tooth or nail brush held in the left 
hand. The bead should now be placed down, and again gripped 
with the pincers at right angles to previous position, again brushed, 
and placed in a cavity in the small iron slab. (These slabs are 
one-half inch in thickness, two inches long, one and one-half inches 
wide, with twelve semi-circular cavities on one surface.) 

The beads are then carefully weighed in an ordinary bead- 
balance. 

If there is a number of assays to be made, the beads, when 
brushed and cleaned, should be placed in the cavities in the slab 
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according to some arranged system. Thus, twelve assays or 
twelve crucibles, each holding a half ton, make six distinct assays 
of a ton each. When placed in the furnace, the crucibles are put 
in such a position that the highest number comes first, the cru- 
cibles having been placed on aboard measuring twelve by eighteen 
inches or thereabouts,' numbered in parallel rows, beginning with 
one, in the lower right-hand corner, and running from right to left, 
terminating in the upper left-hand corner. The crucibles are 
arranged on this board, and placed, as above-mentioned, in the 
furnace, the highest number first, and withdrawn, poured and 
cupelled in the same order. The beads, when removed from cupels 
and cleaned, are placed in the slab, the same order being ad- 
hered to 

The assayer, when once familiar with this method of identifying 
his assays, need never fear an error through mixing or confusing 
them. It also saves much time and labor. 

When a number of gold determinations are to be made, the 
requisite number of test-tubes are placed in a stand. The holes 
in the support of the stand should be large enough to permit of 
the tube being thrust in from underneath when reversed, as in Fig. 
2. An inch or half-inch of dilute nitric acid should then be poured 
into each tube and heated to boiling. The beads are then picked 
up with the pincers, and carefully allowed to slide down the inside 
of the tube held inclined in the left hand to the acid within. They 
are usually quickly dissolved, allowed to stand till complete solu- 
tion of the silver present has taken place, and the particles of gold, 
if present, allowed to settle to the bottom of the tube. By hold- 
ing the tube up to the light, a practiced eye can pretty nearly judge 
the amount of gold present. The vessels which are used for solu- 
tion may vary in size and shape according to the size of the bead 
and the amount of gold present, or the inclination of the assayer. 

In making silver brick, the large amount of silver and gold 
present necessitate considerable acid and a shallow vessel, which 
permits of being placed on a sand bath over a slow heat. In 
assaying the bullion beads, which, according to the richness of the 
metal, vary irt the amount of gold and silver present, a larger 
vessel than a test-tube is required. The smaller flask may then be 
used. 

In heating the tubes a low flame is required. If solution does 
not proceed quickly or is not complete, a tube can be taken in 
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each hand, moved back and forth over the flame. Allow the par- 
ticles of gold to settle, then shake them together by twirling the 
tube and gently tapping it with the fingef. ^Now place the tube on 
the back of the left hand, so that the gold may be clearly visible, 
and gradually incline and pour off the acid into a jar for that pur- 
pose kept in the sink. About the same quantity of water, or a 
little more, is added, heated, and carefully decanted in the same 
manner. This is to entirely remove any traces of acid remaining. 
The tube is now filled with distilled water from a wash-bottle, an 
annealing-cup placed on top (Fig. i), then, by placing the fore- 
finger on the bottom of the cup, the whole quickly reversed, and 
the cup immediately filled with distilled water from the wash-bottle. 
If this is not done at once, the water will sink rapidly down in the 
tube, and particles of gold may be left adhering to its sides. Now 
place the tube and cup in the rack-stand, which should be at the 
edge of the table, by thrusting up the inverted end through a hole 
in the support (Fig. 2). The tube should now be allowed to stand 
some time till all the gold is thoroughly settled in the cup, at the 
same time gently tapping the sides of the tube to insure this. Then 
carefully remove from the stand, holding the cup in the left hand 
and the tube in the right. Now incline the cup, holding the tube 
upright till it is drawn to sides of the cup and surface of the 
water, holding all over the sink. Then, by a quick, dexterous 
movement, slide out the tube (Fig. 3). This should be done with- 
out disturbing the gold in the cup. It is very necessary that the 
cup should be filled with water. Now carefully tap the cup to 
bring the scattered particles of gold in a lump, and then decant. 
Place the cover on and stand before the open muflSe door on 
hearth till dry, then insert with cupel tongs a few inches into the 
muffle, which should be at a cherry-red heat, till the cover is 
slightly reddish ; then remove, allow to cool, and weigh on Troen- 
mer. If the quantity of gold present be very small, practice will 
enable the assayer to judge pretty accurately the amount ; thus, 
under six one-hundredths need not be weighed. The gold should 
be heated until it becomes yellow, being careful at the same time 
not to fuse it. 

Figs. I, 2, 3 represent the transferal of the gold to the annealing 
cup. Figs. 4, 5,6, 7, 8 represent the different quartation dishes, 
on the respective advantages of which the following comments 
are made. 
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4. This tube measures one-half inch by five inches. This is a 
convenient size, but larger may frequently be found useful. 

5. A test-tube blown out at one end. It answers for larger 
beads. 

6. Small Florence flask, used \^hen making silver brick for 
gold. 

7. Is not so satisfactory as the gold. Is apt to stick in flask. 
The annealing cups cannot be used here so handily. 

8. A casserole, but out of which the gold is apt to spit. Re- 
quires great care, and is not to be recommended. 



Weighing. 

In weighing gold the Troenmer's gold balance is the most sat- 
isfactory. It will weigh satisfactorily to .04 and quantities below 
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this the assayer can call a trace. This balance has an agate edge 
at the centre and double pillar support which makes it very strong. 
It also possesses a very delicate adjustment ball which must be 
very carefully used — one arm only, i.e,, the right, is graduated for 
a rider. Before using the balance should be carefully adjusted, 
the pans dusted with a camel-hair brush, as frequently slight dif- 
ferences in weight are thus remedied. The operator should sit 
squarely before his balance and use his left hand in turning the 
screw, the right for manipulating the weights. The pans should 
never be touched by the fingers, but always lifted with pincers, an 
ivory-tipped pair being the best. In placing weights on the pan 
care should be taken that the pincers do not scratch the metal. In 
fact, it is better to lift the pan entirely free from the balance and 
empty the weights on the case. To remove the gold from the 
annealing cup, a round-pointed blade of a penknife is used. This 
will detach the particles which, if properly manipulated in the fur- 
nace, will be agglutinated. The gold annealing cup is inclined 
over the pan and gently tapped with the knife, then reversed and 
very carefully scraped around, care being taken that no particles 
of clay are mixed with the gold. If such are present they may be 
gently blown out or picked out with the pincers. The cup is again 
decanted and tapped. The finger is then rubbed around in the 
cup and examined in the sunlight to see if any particles of gold 
not removed to the pan adhere to the finger. In examining the 
cup the breath must not be allowed to interfere. In weighing, a 
little practice will enable the operator to work quite rapidly. When 
the pan containing the gold is replaced the rider is moved midway 
of the beam with the right hand, the other turning the screw very 
gently down till the support leaves the beam. If the needle 
oscillates to the right the rider is moved toward the end of the 
beam till correct weight is obtained. Care should be taken that 
the support is not raised while the needle is oscillating, but when 
it has reached the middle index, so that no unnecessary jar takes 
place. The weights, which are milligramme weights, should be 
kept in the centre of the case, resting against the foot of the up- 
right supports, so that they may be readily reached. The gold 
should then be brushed out into some receptacle and the pan re- 
placed. No moisture should be on the hands or tools in working 
with this balance. As a veiy slight jar, the. walking of some one, 
will prevent the needle from coming to rest, it is advisable to have 
the balance placed on a very firm foundation. 
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GRAPHIC FIELD NOTES FOR RECONNOISANCE SUR- 
VEYING AND AREAL GEOLOGY. 

By bailey WILLIS. 

(Read before the Geological Society of America, December 30, 1890.) 

\ 

' Importance of Relations in Space to Geologic Studies. 

Some years ago a coal property in Washington territory was 
offered for sale by shrewd speculators, who valued the land at 
$\ 100 an acre on account of the great thickness of workable coal 
said to occur in several veins. The property was not developed, 
but the number of coal-beds and a total thickness of good coal of 
more than one hundred feet were confidently stated from expos- 
ures of the folded coal measures in a canon 400 feet deep, which 
traversed a plateau whereon glacial drift and primeval forest ob- 
scured the strata. Of these natural conditions the speculators 
skilfully took advantage ; they opened the coal-beds on the canon 
sides at points which were not intervisible, and they cut a labyrinth 
of paths through the forest leading from one opening to another. 
On the cliffs these paths were unpleasantly narrow ; in the under- 
brush of the plateau they wound about in such manner as to ex- 
aggerate the impression of distance. It was shrewdly calculated 
that any geologist by these means topographically misled might 
be geologically confused and led to count a single coal-bed seen 
at different openings as several beds. And this calculation was 
justified by the result. An expert of high standing, whose expe- 
rience and reputation fairly commanded confidence, reported the 
coal at nearly three times its actual thickness, and ^750,000 was 
paid on his mistake. The error in stratigraphy followed from 
ignorance of the local geologic structure, both avoidable had the 
geologist determined relations of distance and direction among 
observed sections. 

The point of this story is the point of this article : A knowledge 
of relations in space among geologic facts is essential to the solu- 
tion of problems of stratigraphy and structure, and it follows that 
the geologist must locate his observations on a map either pre- 
pared in advance or surveyed simultaneously with his work. The 
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possession of an adequate map constitutes the ideal initial condition 
for geologic work. 

Definition of an Adequate Map for Geologic Purposes. 

General Definition, — An " adequate map " is one which faithfully 
describes the character of the features delineated ; it is so char- 
acteristically true to the facts of relief, drainage and culture that 
cartographic details can be identified with natural features; it 
offers many tie-points, />., many points which can be definitely 
recognized as the representatives of specific locations on the ground. 
Such points are essential to the location of a geologist's observa- 
tions of outcrops, strikes and dips, or formation boundaries, which 
may be of very limited extent, but which must be placed on the 
map with such accuracy that the error, reduced to the scale of the 
map, is insignificant. Such tie-points are bends of roads, cross- 
roads, crossings of roads and streams, sharp turns in streams, 
stream junctions, springs, mountain peaks, ridges, gaps, spurs, 
abrupt changes of slope; in a word, all characteristic features. 

Maps are sketches fitted to a geometric control. If we com- 
pare them with works of higher art, we may liken the painfully 
exact military maps of Europe to miniature portraits, while some 
American maps, produced under demand for quantity rather than 
quality, suggest paintings executed with a palette knife. The dif- 
ference lies in the minuteness of control, in the number of points 
accurately determined per square inch of map. 

Methods of ControL — The measurements which constitute control 
are obtained by two methods, triangulation and meander, each of 
which has its advocates, each of which requires certain natural con- 
ditions for economic working, but which in most regions can ad- 
vantageously be combined. 

Unsupported triangulation affords few tie-points; stations and 
intersections are fixed without appreciable error to the scale of the 
map, but roads, streams, and contours, if the last be employed, are 
generalized according to the handwriting of the topographer rather 
than to the character of the topography. The geologist who is 
obliged to use such a map should be fitted to locate himself by 
direct reference to the geometric control, and he should check the 
generalizations of the map by such references. 

A meander line fitted to a scheme of triangulation supplies tie- 
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points within a belt of varying width. If it follows a road or 
stream each change of direction provides a tie-point, and the ele- 
ments of relief within the topographer's view are fixed usually be- 
yond his power to generalize out of recognition. Thus the num- 
ber of' tie-points increases much faster thdn the number of miles of 
meander run ; and the value of the map is rapidly augmented as 
the network of meander lines is made finer. Thoroughly satisfac- 
tory maps can be made by this method. The first example of this 
class of work which came to my notice was the Greenville, Ten- 
nessee, atlas sheet of the U. S. Geological Survey series ; it repre- 
sents a thousand square miles of the valley of Tennessee, where 
the present relief is a dissected base- level in limestone, overlooked 
by strike ridges of sandstone and shale. All the roads were mean- 
dered, the total distance being about 1200 miles, a season's work 
for one topographer. The southeastern corner of the sheet is 
mountainous and without roads. Here the topographer was con- 
fined to sketching to fill in his triangulation, and the resulting map 
is so inadequate that the geologist was obliged to correct the base 
by meander lines run on foot. Other maps of this desirable char- 
acter have been and are being made by those topographers who 
appreciate the possibility of putting character into their work. 
Such men raise their profession from the dead-level of mechanical 
generalization to an art which expresses important geographic 
truths. And those geographic facts are but the latest expression 
of geologic processes, which it is the province of the geologist to 
interpret. But the topographic artist has been a rare being, and 
while we may felicitate ourselves upon the prospect of his becom- 
ing more numerous, we still have to work with the inartistic 
product. 

Procedure with an Inadequate Base. 

Ike General Question. — How can the geologist best proceed in 
the field with a piap which does not afford tie-points for his obser- 
vations ? or, in other words, given an inadequate base, what method 
of field-work leads most satisfactorily to the development of a geo- 
logic map ? To this question, thus broadly stated, no intelligent 
answer can be given. Account must be taken of the geologic 
problem, of the aspect of its presentation, and of the characteristics 
of the geologi.st. The student of crystalline rocks, accustomed, 
perhaps, to the limited outlook in a Michigan forest, cannot well 
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devise details of methods for him who studies stratigraphy and 
structure on the treeless plains of the West. Nor can he whose 
stratigraphic work in the settled States is facilitated by roads pre- 
scribe methods for the investigator of volcanic geology in unin- 
habited mountain ranges. Each must adapt to his own environ- 
ment the means of recording and arranging observations, but he 
will certainly do so more intelligently if he avails himself of the 
experience of others whose training and experiments may contain 
positive or negative suggestions. 

Believing this, I propose to give here, for what it is worth, the 
experience of the Appalachian division of the United States Geo- 
logical Survey with graphic methods of mapping formations. 

Appalachian Work in the U. 5. Geological Survey. — The Appa- 
lachian Paleozoic province presents stratigraphic and structural 
problems under an aspect which is familiar to all of us. Relief is 
seldom emphatic, heights have usually struck an average eleva- 
tion through successive base- leveling, soil covering is the rule, 
vegetation flourishes everywhere, and cultivation assists in obscur- 
ing geologic facts ; these are obstacles to rapid work, whatever the 
problem. On the other hand, relief and structure are intimately 
related as effect and cause, the factors of the problems, multitudi- 
nous as they often are, are crowded together in small space, every 
part of the region is easily accessible, roads and houses permit 
facilities not else available ; these are aids to successful work. 

The geologists of the United States survey who entered this 
province prior to 1886 were trained in western fields and did not 
at first devise the best methods of work. The amount of geology 
per square mile was embarrassing to them ; the &cilities afforded 
by culture were not appreciated. It seemed, moreover, a fair 
assumption that the Rogers brothers, Safford, and others had 
solved the geologic problems of the region and that to resurvey 
their fields was but to confirm their results, which must be done 
in detail and with great accuracy. Triangulation for detail was 
forbidden by the absence of marked features of relief or culture, and 
meander methods were a necessity in the absence of adequate 
maps. 

Stadia Transit Method. — The special conditions and the fact 
that the purpose of the work was section- measurement led to the 
selection of a very accurate method based on stadia measurements 
of distances. The instrument used was a light transit, mounted 
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on tripod and leveling screws, carrying a telescope with a vertical 
limb and fixed stadia wires. The stadia rod was 12 feet long and 
graduated by experimenting with a base measured by a steel tape ; 
there were two movable targets, which were adjusted by the rod- 
man on signals from the surveyor until the interval between them 
was proportioned to the space between the stadia wires of the 
telescope ; the number of divisions on the rod included between 
the targets then corresponded to the distance from transit to rod. 
The maximum distance measurable with this instrument and rod 
was 1500 feet. A much greater reach might have been obtained 
with a longer rod, but it was not deemed desirable. 

The operatiGin at any one station was as follows : the geologist 
set up and leveled his transit, received from the rodman the dis- 
tance reading of the last sight* and platted his topographical and 
geological notes accordingly. The rodman set a target to the 
height of instrument and went on to select the next station. 
When ready the rodman called, the geologist observed and noted 
the course and slope of the new sight, by signals adjusted the 
targets to the stadia wires, and then rejoined the rodman. 

By repetitions of this process, with more or less delay for mis- 
understandings on account of the distance frequently separating 
the geologist and rodmati, the meander line progressed at the rate 
of three to six miles a day. 

The record consisted of two parts containing similar informa- 
tion : the one part composed of figures and verbal notes ; the 
other part representing approximately the map to be platted from 
these figures. The final interpretation of the whole record con- 
stituted the office work. 

This required for each sight the reduction of slope distance to 
its horizontal projection and a calculation of elevation of each 
station. The course and distance being platted, the geologic facts 
could be indicated and the sections developed. This labor proved 
very onerous-; unnecessary mechanical accuracy of delineation 
absorbed time that should have been given to thoughtful study. 
The end in no sense justified the means, for the method was 
adapted to the accurate co-ordination of a mass of facts in a 
small area, as in a mining survey, not to generalizations in strati- 
graphy and structure. 

Adoption of Graphic Methods. — It has already been stated that 
the record of stadia work was in two forms : the one numerical, 
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the other graphic. The former occasioned most of the office work, 
the latter contamed the pith of the geologic information. It fol- 
lowed that in casting about to devise a method for mapping forma- 
tions, we sought to get rid of the figures and to improve the 
sketch to the standard required for a final plat fit for transfer to the 
map. To do this required the adoption of some means other than 
the stadia of measuring distances, and of means for sketching direc- 
tions and distances more accurately than had previously been done 

For measuring, two instruments have been successfully used ; 
the one the wheel of a buckboard or sulky with some attachment 
for marking its revolutions ; the other a pair of legs, usually those 
owned by the geologist. With the former the unit of measure- 
ment is a " wheel," />., the circumference of the wagon wheel : 
with the latter the unit is a pace, a function of the individual. 
These vary in different instruments and require reduction to a com- 
mon scale before combining different pieces of work. 

Measurement with a wheel is an old method, improved within 
the last few years to meet the demand of the topographic division 
of the United States Geological Survey for an efficient means of 
traverse work. Mr. Henry Gannett says of it: 

** As nearly all traversing is done along roads, distances are 
measured in this work mainly by counting the revolutions of a 
wheel — usually one of the wheels of a buggy or buckboard. Vari- 
ous forms of odometer for automatic counting have been in use. 
The old pendulum odometer was first tried and unqualifiedly con- 
demned. The form now in general use is that devised by Mr. E. 
M. Douglas, of this Survey. For working this a cam is placed on 
the inside of the hub, which, by raising a straight steel spring, 
carries the index forward one division for each revolution of the 
wheel. The odometer registers to ten thousand. This form is 
the most trustworthy that has yet been devised, but is not alto- 
gether satisfactory, and the majority of traverse men prefer to 
count the revolutions of a wheel directly. The arrangement by 
which a bell is rung at each revolution is a very common and 
effective device. From an extended experience covering many 
thousands of miles of measurements it has been demonstrated that 
as a working method of measuring distances the wheel is greatly 
superior upon roads to the stadia. Moreover, it is nearly if not 
quite twice as rapid as the stadia method."* 

 Unpublished MSS. 
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The attachment of the Douglas odometer to the wheel varies 
. with the ingenuity of individual users : it may be placed on either 
axle, when its connection with the wheel is then most direct ; or 
it may be placed beside the seat of the vehicle and connected with 
the wheel by wires working a system of levers. The latter arrange- 
ment requires nice adjustment but raises the odometer out of the 
reach of mud, places it within convenient observation and enables 
the observer to judge the regularity of its register by the click of 
the ratchet. 

Pacing, as a means of measuring short spaces, we are all familiar 
with; but pacing mile after mile, day after day, for continuous 
record is not a common practice. It was only after experience 
had demonstrated both the necessity and practicability of pacing 
that I gave the method practical consideration. Wh^re the wheel 
can be driven it has the advantage ; but where the wheel must 
stop, the pace becomes a convenient and indeed indispensable unit 
of measure, which never fails one who has practiced it. It may be 
confidently stated from repeated experiences that there is no con- 
dition of surface, of slope, or of obstruction, over or through which 
a man cannot pace, with a reasonable approximation to the true 
distances, provided the ends of the meander line are so tied to 
some control that the scale of the meander plat can be indepen- 
dently determined. Systematic pacing for geologic record was 
first used by the Canadian Survey and in the United States by 
Brooks and Pumpelly in the Lake Superior region. The United 
States Land Survey there divided the country into square miles 
and within these north or south straight lines were paced at regular 
intervals. The accuracy of the pacer was checked at each section 
line, and woodsmen selected for the work became very expert, 
keeping count of regular steps through underbrush, through wind- 
falls, and even in deep snow on snow-shoes. It was found ex- 
pedient to adopt an arbitrary pace, 2000 to the mile, and outcrops 
were located as so many west and so many north from the south- 
eastern corner of any particular section. Where the notes of dif- 
ferent observers were to be studied by one geologist a uniform 
pace was desirable, and it is probable that the short pace, 2000 to 
the mile, is a more regular unit of measure than a longer stride ; 
for, being shorter than a man's average step, it would be less 
affected by the varying conditions of the ground; certainly no one 

who attempts to stride beyond his ordinary step can pace regularly 
VOL XII. — 22 
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for any long distance. Yet few men care to train themselves to a 
definite short step, and it is not necessary where the distances 
paced are at once recorded in a plat of known scale, since the unit 
of measurement then becomes a matter of indifference. It is only 
necessary that the pacer should know and record his average step, 
and this can be ascertained by counting paces for half a day in 
walking a known distance or by platting a day's route to an 
assumed scale and correcting it by a map of known scale. 

The principal difficulty in pacing is to keep a correct count of 
steps, and to avoid this we have found it desirable to count every 
fourth step only, while yet giving to each footfall a digit or num- 
ber. The mind readily recognizes a certain rhythm or time-beat 
on the fourth step, and it will unconsciously repeat the total num- 
ber of paces in time with successive steps, adding one for each 
completed pace of four steps. Thus, starting out the left foot 
first, the rhythm runs : Left, right, left, one, or o, 0,0, i, o, o, o, 2, 
etc.; and further on, left, right, thirty, five, or o, o, 3, 5 ; still further, 
left, four, fifty, two, or o, 4, 5, 2 ; when more than a thousand paces 
are numbered, one, three, seventy, eight, or 1,3,7,8; the next 
pace, I, 3, 7, 9; then, i, 3. 8, o; and i, 3, 8, i, etc. Thus, each 
step repeats the appropriate figure, and the four together give the 
total number of paces ; the units change with every fourth step, 
the tens only with every fortieth step, and the hundreds and thous- 
ands each in their degree with less frequency. The repetition, 
unconscious though it comes to be, fixes the total number beyond 
the possibility of loss.* 

The means of measurement being adopted, the method of re- 
cording is the next step ; of these there are two : the plat on the 
traverse plane-table and the plat in the note-book. 

The traverse-table was devised by Mr. Gannett for the purpose 
its name indicates. He describes it as follows : 

" The plane-table used for traversing is of the simplest possible 



* These methods of measurement suffice for the geologist on wheels or on foot, but 
they fail him on horseback. In discussing this paper Dr. G. M. Dawson described a 
method of "time survey," which consists in riding a horse at a steady walk, and noting 
the exact time consumed in riding over each course. The time-unit of the plat is a 
function of the gait of the horse, and is influenced by variations of the latter, and errors 
may creep in through disregard of momentary halts; every check should be noted. 
But when carefully watched the time-survey is accurate to about one-fortieth of the 
distance. Dr. Dawson also referred to experience with a boat-log in lake surveys. 
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form, consisting of a board 15 inches square, into one edge of 
which is set a narrow box containing a compass-needle 3 inches 
in length. The table is supported by a tripod of light construc- 
tion, without levelling apparatus, the level of the instrument being 
effected by the legs of the tripod. The table is adjusted in azi- 
muth or oriented by means of the compass-needle, movement in 
azimuth being provided by simply turning the table on top of the 
tripod head. There is no clamp to the azimuth movement, the 
table being held in place simply by friction. The alidade consists 
of a brass rule 12 inches long, with raised sights hinged to turn 
down when not in use. Ordinary drawing-paper backed with 
cloth is used for plane-table sheets, and is attached to the board 
by thumb-tacks." * 

The operation of traversing with this instrument is very simple. 
At each station the table is oriented by bringing the compass- 
needle to a mark on its short scale ; the area of the map is usually 
too small to show any convergence of magnetic meridians, and if 
the magnetic declination be constant, it follows that at each station 
the position of the table is parallel to all those preceding it. Courses 
sighted and drawn with the alidade, whether successive foresights 
or alternating foresights and backsights, therefore depart from each 
other with angles equal to those included by the directions on the 
ground, and the lengths of the sights being laid off to scale, the 
plat is a figure mathematically similar to the traverse on the ground. 
On this plat geologic observations can at any instant be indicated 
in their proper relations. It is customary to foresight to bend of 
road, tree, fence-corner or any other distinct object, to wheel or 
pace to the thing sighted, thence to wheel or pace to a convenient 
station and set up the table. At this station the operations are : 
(i) to orient the table, (2) to scale off the first foresight, (3) to 
sight and diaw the backsight and scale it off, (4) to sight and draw 
the next foresight, (5) to sketch in topography or geology, and 
then to proceed. Time is econonxized by occupying alternate sta- 
tions only, and geologic relations are developed as fast as the 
traverse-line is extended. I believe that this simple instrument 
will prove to be of great value to geologists, and will save time, 
labor and money in the extensive work of geological mapping. 

But notwithstanding the simplicity and accuracy of the traverse- 

* Unpublished MSS. 
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table, geolopfists who do not wish to carry a mounted instrument 
of any kind have tried to accomplish the same object with only 
hand-compass and note-book. To do this is to reduce instru- 
mental impedimenta to a minimum, but the observation and record- 
ing of the traverse requires more care than on the plane-table. 
Given an ordinary clinometer compass with square base and sights 
and a note-book ruled in squares, the operation at any station is as 
follows : (i) to foresight by holding the compass in the right hand 
or on the note-book at half arm's length and at a convenient height 
for alignment with the object sighted and for reading the course ; 
the compass sights may be closed or raised for this alignment and 
additional accuracy is perhaps obtained by sighting the longer side 
of the note-book placed parallel to the compass sights; (2) to 
record the foresight by drawing a line on the note-book page at 
the observed angle from a meridian previously assumed ; a small 
horn protractor is useful for this purpose, but it is only necessary 
for long sights, such as those taken to locate distant points by 
intersections. It is easily possible to estimate the angle of the 
observed course with sufficient accuracy for sights of a quarter of 
a mile or less by bearing in mind the angles made by the diago- 
nals of various parallelograms ; thus the diagonal of a square is at 
45°, that of a rectangle 2 X 3 is at 34° and 56°, that of one i X 2 
is at 27° and 63°, that of one 2 X 5 is at 22° and 68°, that of one 
I X 3 is at 18° and 72°, that of one i X 10 is at 6° and 84°, etc. 
These diagonals are easily noted on the reticulated page. If a 
protractor is used it should have one straight side with a scale on 
it; if there is no protractor a convenient ruler can be made of a 
page of the note-book torn out and folded parallel to one set of 
lines ; the folded edge will be straight and the lines at right angles 
to it give the scale. It is obvious that errors of angular notation 
are more serious the longer the sight laid down ; hence more care 
is needed on long sights or on a large scale than on short sights 
or on a small scale. The limits of scale which have been found 
desirable for field platting in the Appalachian field are one and 
two miles to the inch ; the smallest scale on which legible notes 
can be written is the best. As the meander thus noted is extended, 
geographic and geologic notes fall into place along it. 

Summary of Methods. — In the foregoing paragraphs I have 
sketched three ways in which members of the Appalachian divi- 
sion keep geologic field notes ; first by direct notation on an ade- 
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quate base, where such is available, second by notation on a 
meander run with traverse plane table and odometer or pacing 
measurement, third on a meander surveyed without mounted in- 
struments and platted on the note-book page. It remains to indi- 
cate what the use of such methods accomplishes. 

In any comparison of methods for the determination of efficien- 
cies, two factors must be considered for each method under like 
conditions. These are quantity and quality of work. Under the 
conditions of stratigraphy, structure and culture existing in the 
Appalachian province, the quantity of work which can be accom- 
plished with graphic methods of keeping field notes is best esti- 
mated by stating the number of miles of meander line that, with 
topographic and geologic notes, can be platted daily. UsJng the 
odometer attached to a buckboard with two horses and a driver, 
we estimate the average product at 1 5 miles a day after two years' 
experience. Pacing for the same record averages seven and does 
not exceed ten miles a day. Our experience further shows that 
these averages added to the distances from and to lodging places, 
lunch being taken afield, form a sufficient day's travel for horses or 
men, when performed day after day throughout the field season. 
Thus the quantity of product by this method is about equal to the 
endurance of means of transportation. 

Quality, if we consider the work of different men, is a very vari- 
able factor ; but if we compare the value of graphic notes with that 
of written notes taken by the same man we shall get a definite 
result. We find that graphic notes are more concise, more definite, 
more accurate than verbal notes ; graphic notes are more easily 
understood by a fellow-observer, be he chief or assistant ; graphic 
notes directly present facts in visible relations ; words do not ; graphic 
notes are capable of immediate transfer to the base map ; verbal notes 
must first be translated into graphic form. He who takes graphic 
notes in the field arranges facts, one by one, each in its place and 
in proper relations to all others ; he who takes verbal notes forms 
a mental image of these relations, often an erroneous one, which 
must be corrected by a subsequent plat. Moreover, the possession 
in orderly arrangement of all facts observed up to any point in a 
piece of work enables the observer to plan ahead and directs his 
attention to missing links in the chain of evidence. Hence graphic 
notes, even if more slowly taken than verbal notes, are usually 
more complete and save waste and repetition of field work. 
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In the office there can be no question of the saving of time ac- 
complished by graphic methods of field work. 

In one instance two adjacent atlas sheets covering looo square 
miles each, which presented structural problems in terms of similar 
stratigraphic units, were surveyed by a geologist and his assistant ; 
the notes recorded in the one consisted of statements of distances 
wheeled off on roads and the corresponding geologic facts — a ver- 
bal record ; the notes taken in the other were all platted directly 
in the field. Field work for the former was 34 days, for the latter 
30 days. Office work for the former consumed four weeks, for the 
later but two weeks. 

The preparation of maps is but routine work, the aim of which 
is the elucidation and presentation of geologic problems; to 
reduce the time demanded for routine is to gain time for study 
and is therefore a step toward improvement in the quality of the 
final result. 

The graphic methods which I have indicated are methods of 
accurate work ; in the Appalachian province they are also methods 
of detailed work ; but this is a condition of special application, not 
an inherent necessity. Running a meander line facilitates but 
does not necessitate the observation of geologic facts. Neverthe- 
less it is true that the knowledge that every fact observed can be 
noted in its proper relations tends toward detailed observation. 

The geologist, who is forging a continuous chain of evidence, 
becomes apprehensive of missing links, and the visible continuity 
of his record leads him to close observation ; he skips nothing. 
And herein is a reflex action of graphic methods upon the ob- 
server, which is one of their best recommendations. The graphic 
record invites close attention to the accumulating facts ; it is sug- 
gestive, and directs observation to possible undiscovered facts. 
Graphic methods make keen observers. 

Types of Field Notes. 
Verbal Descriptive Notes. — Example : * 

Above these beds of Clinton ore, which lie in yellowish shales, is a white sandstone, 
forming the summit of Walden's ridge, and its southern slo])e to the fault on the south. 
This sandstone is precisely like that observed on Poor valley ridge, Cumberland moun- 
tain, but it here lies above Clinton ores, and there it underlies them. At the summit 
of Walden's ridge this sandstone and the Clinton shales with ore are folded in a sharp 
broken anticlinal and gentle synclinal, which restores the southern dip; this structure 
is well exposed in the sandstone cliff. 
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This form of record is often imperatively necessary to supply 
descriptions of relations or of physical characteristics of rocks 
which cannot easily be graphically expressed. The description 
written oh the spot has an authority and value no subsequent state- 
ment can have, and the verbal form permits comparison of facts, 
as the graphic form does not in the same degree. 

Verbal Notes for Stratigraphy, — Example ; 

Descending Cumberland mountain at White Rocks. Dip of strata 15° to 20° north- 
westward ; aneroid 2740 feet. The summit and escarpment of the mountain are formed 
of fine-grained sandstones, cross-stratified, and containing layers of quartz pebbles I 
inch and less in diameter 

715 feet (aneroid^ below the summit the sandstone talus covers a light-greenish 
shale ; aneroid 2025 feet. 

Outcrop of yellowish sandstone below shale; aneroid 1850 feet. 

Highest outcrop of compact gray limestone; aneroid 1780 feet. 

Highest outcrop of purple shales; aneroid 1720 feet. 

Such aneroid notes are of value for determinations of thickness 
of strata where the beds lie flat, or at a gentle dip, and the obser- 
vations can be made on a steep slope ; that is, where the vertical 
measurement is of principal value, and the relations in horizontal 
plan are not essential to the result desired. Again, given an ade- 
quate contour map and a simple problem of stratigraphy and struc- 
ture, such notes may answer for the location of boundaries and 
structural facts, but their value is in proportion to the accuracy of 
the map and the simplicity of the problem, so that they may at any 
point become valueless through inaccuracies of the one or through 
unexpected complications of the other. 

Verbal Notes for Horizontal Location. — Example : 

Went from camp \y^ miles ± along river bank; no outcrops. Turned up south- 
eastward, ascending crooked ridge ; in |^ mile =b came to outcrop of typical quartzite. 

Followed along the strike, descending to brook ; section well exposed. Up brook, 
course S. 10° ± W., pass over alternating beds of sandy shale and sandstone, dips 
varying from 10° to 85° ; in ^ mile ±^ heavy sandstone, may represent typical 
quartzite ; in fifty steps fossiliferous limestone, either under or over quartzite, dips 70° 
Jo 90°, structure indeterminate. Collected fossils and returned to camp. 

This represents a bad case ; careless work from the start vitiated 
the value of any possible observation. On the face of the note it 
is apparent that the approximate distances are not worth anything, 
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Compass and distances paced. 17 miles of meander, 10 (sqr.) miles of area. Two days work. 

Showing relations of the Oriskany Sandstone and overlying and underlying beds. 



GRAPHIC FIELD NOTES. 333 

and when the looked-for quartzite was found its existence was es- 
tablished but not its position. The geologist, having observed 
nothing up to this point, was practically lost; and being lost, that 
is, being cognizant only of general relations, he disregarded* the 
details of the brook section. This day's work resulted in a col- 
lection of fossils from a limestone which was topographically and 
geologically undetermined, and was consequently almost wasted. 
This ineffectual result followed from a loose beginning ; it may 
serve to point the application of the old saying: "Whatever is 
worth doing at all is worth doing well." 

Graphic Notes. — An example of graphic field notes, taken di- 
rectly from a field plat drawn in the note-book without the use of 
a protractor, is illustrated in the accompanying plate. The orig- 
inal record is in pencil ; a tracing in ink was made, the character 
of the original being maintained as closely as possible, and this 
tracing reproduced by photo-engraving forms the plate. 
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Analytical Chemistry, by.E. Waller, Ph.D. 

Hints to Beginners in Iron Analysis, Browne {/our. Anal, and App, 
Chem., V. 325) gives a number of useful and practical suggestions as to 
plan of laboratory, apparatus and chemicals for those starting a labor- 
atory at an iron works. The original paper should be consulted. 

Bromic Acid as a Reagent, Feit and Kubierschky {Chem. Ztg,^ xv,, 
351) recommend this reagent, especially in volumetric work, on account 
of its great oxidizing power and because it readily liberates a definite 
quantity of iodine from KI. In practice, the reagent is prepared by 
dissolving 30 gms. of KBrO, in 300 c.c. of water, and boiling with 
dilute HjSO^, to decompose any HBr present, then cooling and diluting 
to one litre. 

New Aikalimetric Indicator, Mylius and Foerster {Berichte^ xxiv., 
1482) find that the sodium salt of erythrosin (iod-eosin), after purifica- 
tion, is poor as an indicator when used in the ordinary manner, but if 
some ether is added, it constitutes an exceedingly sensitive indicator. 
Place 50 to 100 c.c. of liquid to be titrated in a stoppered flask, and add 
10 to 20 c.c. of an ether solution of erythrosin compound containing 
0.002 gm. per litre. If the solution is alkaline, it assumes a rose tint. 
When it is acid the aqueous solution becomes colorless. Titrations with 
thousandth normal solutions can be made by this means. The indicator 
is indifferent to CO,, and unsatisfactory with oxalic or organic acids. 
It is neutral to neutral salts of Mg, Cd, Zn, Mn, Ni and Co, but gives 
the acid reaction with those of Fe, Al and Cr. With Pb and Ag it is 
unsatisfactory. 

Aikalimetric Indicators, Foerster (^Fres, Zts, Anal Chem,^ xxx. 304) 
prefers naphUiol green to malachite green, in conjunction with (purified) 
lakmoid. He recommends to make a solution of 3 gms. purified lak- 
moid and 5 gms. naphthol green in a mixture of 700 c.c. water and 300 
c.c. alcohol. Zaloziecki (73., p. 333) describes the preparation and 
use of alpha naphtholbanzein. With alkalies it gives an intense green, 
with acids red-yellow. It is quite sensitive to carbonic acid. A one per 
cent, alcoholic solution is the best for use. 

Barium Sulphate, Mar (^Am. Jour, Sci,,x\\,) reports some experi- 
ments on the analytical relations of this salt. He finds that consider- 
able quantities of HCl in the solution do not have the solvent effect 
usually ascribed to them ; also, that the presence of HCl does not pre- 
vent to any great extent the contamination of the precipitate by alkaline 
salts. The method of purification by dissolving in concentrated H,SO^ 
and pDuring into water was not found to operate satisfactorily; but on 
evaporating the H^SO^ solution of the precipitate to dryness, and then 
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washing, the BaSO^ was obtained fairly free from contaminant. By the 
aid of a Hempel burner (JBerichte^ xxi., 900) the evaporation was rap- 
idly effected. 

Titration of Alumina. Cross and Bevan (y. 5. C. , /., x. , 202) reiterate a 
statement made some time ago {vide Quarterly, x., 371), that on titrat- 
ing an aluminate with methyl orange as indicator, the neutral point is 
reached when the ratio is 2Al,Oj to sSOg, instead of to 6SO„ as stated 
by Lunge. The latter replies (Jlnd.y x., 314) with an account of fresh 
experiments which appear to prove his contention. He suggests that 
the change in color of the indicator takes place slowly towards the last 
in solutions of ordinary temperatures, but very promptly at 40° C. 

Ferrocyanide Titration of Zinc. Moldenhauer {Chan, Zeit,, No. 14, 
1891) finds that Mg and Mn interfere. By treating the solution with a 
little Na,HPO^ and excess of ammonia, he precipitates those out, and 
then titrates the Zn. His method is : Dissolve 2.5 grms. ore in HCI, 
with a little HNO,, and dilute to 250 c.c. Mix 25 c.c. of the solution 
with 10 c.c. of ammonia, and titrate to get an approximate idea of the 
amount of Zn present. To 50 c.c. of the solution of the ore add 10 c.c. 
ammonia and 5 c.c. of a solution containing 5 gms. ammonium car- 
bonate, 5 gms. NH^Cl, 10 c.c. of ammonia and 90 c.c. of water, warm, 
to settle the precipitate ; cool, and add 2 c c. of a 10 per cent, solution 
of NajHPO^, which will precipitate Mg and Mn as phosphates. Titrate 
this solution, which will give the correct result. 

Volumetric for Manganese. Blum (JFres. Zts. Anal, Chem.y xxx., 284) 
proposes titration with ferrocyanide in an ammoniacal solution contain- 
ing tartaric acid and NH^Cl. Some ferric salts should also be present. 
The end reaction is when a drop of the solution shows blue with a drop 
of acetic acid, showing an excess of ferrocyanide. The precipitate is 
Mn(NHj2^cCy,. The solution contains 38,487 gms. cryst. K^FeCy,. 
I c.c. = 0.005 S"^- M"- Dissolve 5 gms. of mineral in concentrated 
HCI, rinse (without filtering) into a 250 c.c. flask, fill to the mark, mix, 
and take portions of 50 c.c. at a time. If not enough Fe is present, 
add a little Fe^Cl^. Add 20 c.c. cold saturated NH^Cl solution, 30 c.c. 
tartaric acid solution (1:2) and a large excess of ammonia. Titrate 
boiling. 

Manganese Titration by the Volhard Method, Blum {Fres, Zts. Anal, 
Chem.y XXX., 210) criticizes Rilrup's method of managing the titration, 
in which Na,SO^ solution is added, and refers to Meinecke's experi- 
ments, which go to show that an excess of ZnSO^ and absence of ZnO 
are essential features for accuracy. A neglect to allow for the volume 
of ferric hydrate separated by the ZnO may also be a source of error. 

Determinirg Manganese, J. and H. S. Pattinson {J, S., C, /., x., 333.) 
Dissolve an amount of the sample containing not over 0.25 grm. Mn in 
HCI. If ferrous iron is present in the solution (spiegel, etc.), add HNO, 
sufficient to oxidize to ferric. If the amount of Fe is less than that of 
the Mn, add sufficient FejCI, to make the proportions about equal. An 
excess of Fe does no harm. Just neutralize the solution with CaCO,, 
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and then render it slightly acid with HCl, so as to just remove the deep 
red tint. Then add 30 c.c. of ZnCI,, containing 0.5 gm. of the metal, and 
dilute to about 300 c.c. Dissolve about 33 gms. of a 35 per cent, bleach- 
ing powder in one liter, and filter. Of this solution take 60 c.c, add to it 
enough HCl to give it a faint permanent greenish-yellow color, and add 
to the solution from the substance under examination. Finally, add 
about 3 gms. CaCO., diffused in 15 c.c. of boiling water, after the 
first evolution of CO,, and, stirring, add 2 c.c. methylated spirit, and 
stir. Filter, wash first with cold water, then with warm (65^ C.) until 
the washings have no effect on KI and starch. Dissolve the precipitate 
in a known amount (70 c.c.) of standardized FeSO^, containing free 
H.^SO^ (i to 3), and titrate cold with KjCr^O, solution. The oxidizing 
power of the precipitate being thus determined, it is calculated as MnO,. 
Bromine water may be used in place of the bleaching powder sclution. 
The strength should be about 22 gms. per liter; of this 90 c.c. should 
be used for about 0.25 gm. of Mn. Co and Cr. interfere somewhat with 
this method. Pb, Cu and Ni also interfere slightly, but to a less extent 
than Co and Cr. 

Separation and Determination of Nickel and Cobalt. Krauss {Fres, 
Zts. Anal. Chem,^ xxx., 227) gives a critical review of the various 
methods proposed by different chemists, with brief accounts of his 
experiences. For details, the original paper must be consulted. In 
closing, he remarks that some phenomena which he has observed seem 
to favor the view of Kriiss and Schmidt as to the existence of another 
element accompanying cobalt and nickel. 

Chromium in Steel, Hogg (/. 5. CI., x. 340) proposes a color i metric 
method depending upon the depth of tint imparted to the H^O^ solu- 
tion of the steel. As standards one must use solutions from steels con- 
taining known amounts of Cr. A 2 per cent, standard will serve for all 
percentages between i and 4. For lower percentages a i per cent, 
standard may be made to serve by adding known amounts of pure iron. 

Decomposition of Chromite by the electric current. Smith (^Am. Chem. 
Jour., xiii., 414). conducts the operation in a nickel crucible which 
forms the anode, in which 30 to 40 gms. KOH are kept in fusion, o.i 
to 0.5 gm. of the powdered chromite is brushed from a watch glass into 
the surface of the melt. A platinum cathode is inserted, and the cruci- 
ble covered ; complete decomposition usually seems to result in 15 min- 
utes, but for safety 30 to 40 minutes is recommended. Before interrupt- 
ing the current, it is well to reverse it by means of a commutator in 
circuit. The current should not exceed one ampere. The iron is de- 
posited on the platinum cathode, while the melt contains the chromium 
as chromate. Cool, dissolve in water, filter, and determine gravimetri- 
cally or volumetrically. 

Separation of Titanium. Haas (Fres. Zts. Anal. Chem.^ ) reports the 
results of investigations on the subject, the method used being the heat- 
ing of mixed oxides in a tube of hard glass through which a current of 
hydrogen is passed. Titanic oxide is not rendered soluble by this means, 
whereas tin or iron are reduced to the metallic state, and can be ex- 
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tracted by dilute HCl. The remainining TiO, may be rendered soluble 
by fusion, with bisulphate, or better by fusion with K,COj. SiO, if 
present, should be removed by HFl, previous to the hydrogen treat- 
ment. 

Separation of Manganese and Zinc. Jaunasch and McGregory (/. 
Prakt, Chem. N. F., xliii., 402) have experimented on the use of H,0, 
in an ammoniacal solution. They find that unless the solution contains 
large amounts of NH^Cl and ammonia the separated MnO, will carry with 
it some zinc. Where enough of those reagents is used, the separation is 
complete. 

Separation of Iron from Cobalt and Nickel. Le Roy {Comptes Rend.^ 
cxii. , 722). The solution of the metals in the form of sulphates, receives 
the addition of a little citric acid, and then a large excess of solution of 
(NHJjSO^ containing free ammonia. The electrodes of a battery 
affording 300 c. c. of gas per hour) are then introduced. Manganese if 
present is deposited on the + electrode as MnO„ the other metals in 
metallic form on the — electrode. When this deposition is complete, 
the — electrode is removed from the solution, and after washing is made 
the + electrode in a concentrated solution of pure (NHJ,SO^ super- 
saturated with ammonia. (The current should be of a strength to give 
100 c. c. of gas per hour). The Ni and CO, are transferred by the cur- 
rent to the — electrode, while the iron assumes the form of ferric 
hydrate suspended in the solution. When filtered off it is found to be 
from Co or Ni. 

Iron and Alumina in Phosphates. Shepherd {Chem. Neu-s^ Ixiii., 
251) gives a modification of Glaser's process [vide Quarterly, xi., 273), 
using HCl only as the solvent, and using less H^SO^. He also recom- 
mends the determination of PjO^ in the precipitate after ignition and 
weighing. His method is : Dissolve 2.5 gms. in 10 c. c. HCl, evaporate 
to dryness, take up with HCl, boil, rinse into a 250 c. c. flask with as little 
water as possible, add 10 c. c. concentrated H^SO^ and let stand 5 minutes 
with frequent shaking. Fill up to the mark with alcohol (95 per cent.) 
so that when cold and well mixed the bulk is 250 c.c. Let stand one hour, 
filter off 200 c. c. and evaporate to small bulk, dilute to 50 c. c. or over, 
boil a short time with Br. and precipitated with ammonia, wash with 
NH^Cl solution. Ignite, weigh, redissolve, determine PjO^, and deduct. 

Teschemacher and Smith note that in case Mg is present in the sample, 
the precipitate of iron and alumnia phosphate must be boiled once or 
twice with NH^NO, to remove it. 

Separation of Titanium^ Chromium^ Aluminum^ Iron^ Barium and 
Phosphoric Acid. Chatard. {Amer. Chem. Jour, ^ii\\\. 106). In rock 
analysis the silica and other bases are determined by ordinary methods. 
To separate and determine the above compounds, 2 gms. of the pulver- 
ized rock are treated with H,S04 (^ • ^"<^ ^^1 in a platinum dish, 
and heated for some time until all HFl has been expelled. A few drops 
of HNOg and more HFl is then added, and it is again heated to expul- 
sion of HFl. Then 25 c. c. HCl (i : 5) is added and heat is applied 
until the most of the HCl has been driven out. The entire contents of 
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the dish is then transferred to a beaker, the bulk of the solution brought 
to about 250 c. c. and after standing some hours it is filtered. The in- 
soluble portion consisting of BaSO^ together with undecomposed mineral, 
is fused with NajCO, leached with water, and the barium dissolved from 
the residue by HCl, from which it is precipitated by H2S0^ for weighing. 
The filtrate and the solution from the Na^CO, fusion of any undecom- 
posed mineral are added to the main solution. This solution is ren- 
dered alkaline by ammonia, the just acid by HCl, and finally a little 
acetic acid and a slight excess of ammonia are added, and it is brought 
to a boil. The object here is simply to get rid of the lime and magnesia 
and the accumulation of salts. 

After dissolving the precipitate in HCl, the solution is evaporated 
finally in a large platinum crucible, to a pasty condition. After adding 
a little water, dry Na^CO, is carefully stirred in, and the mass is dried, 
and finally fused for half an hour. Then a little NaNOg is added, and 
it is fused for not over five minutes ; after cooling, leach out with water. 
In the insoluble portion, after dissolving in HCl, the TiO, is determined 
by Gooch's method. The filtrate is heated and ammonium nitrate cau- 
tiously added until no further preciditation of alumina occurs. The 
precipitate contains the phosphoric acid, but not all of the alumina. 
The molybdate separation may be used. In the filtrate containing 
chromic acid and alumina, the Baubigny method of separation is applied 
(bicarbonate) to remove the last of the alumina. 

Traces of Copper. Thoms. (y. Fharm., [5], xxiii., 27) found that 
distilled water containing i : 200,000 of Cu gave no indications with 
ammonia or with ferrocyanide, but on adding a little KI, a faint yellow 
color developed, which gave a distinct blue with starch. 

Separation of Copper from Cadmium, Warren (^Chem News, Ixiii., 
195) suggests the reversed use of the Fehling test. To the nitric acid so- 
lution is added Rochelle salt, followed by NaOH, and then a dilute 
solution of glucose in small quantities at a time, boiling between each 
addition, until no further precipitation ensues. Cd may be separated 
from the filtrate by H,S. 

Dissolving Mercury in toxicological examinations. Lecco {Berichte 
xxiv., 928) finds that Hg is only very slowly attacked by HCl with 
KCIO,. . 

Determination of Mercury, Volhard {^Liebi^s Annalen, cclv., parts 
I and 2) states that HgS dissolves in caustic alkalies in presence of alka- 
line sulphides, from which solution it can be precipitated by boiling 
with ammonium nitrate. The solution containing the mercuric form is 
nearly neutralized with Na^CO,, then completely precipitated by am- 
monium sulphide, preferably freshly prepared and strong. NaOH solu- 
tion (made from Na) is added to redissolve, and then NH^NO, added, 
and the solution boiled until nearly all NH, is expelled. 

Arsenic in Minerals^ etc, Clark (y. S, C /., x. 444). By distilling 
ASjS, with concentrated solution of Fe,Cl^ and strong HCl, all the As 
was obtained in the distillate. The method can be applied directly to 
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all minerals containing arsenides or arsenic sulphides. In presence of 
organic material the addition of slips of copper produces the conditions 
necessary for the volatilization of the AsCl,. When zinc is present or 
metallic iron (as in pig-irons) some AsH, is evolved. The most conve- 
nient method of management is to first dissolve the metal in dilute 
H,SO^ passing the gas through Ag,SO^, filter off the precipitated silver, 
and mix the filtrate with the undissolved residue containing the rest of 
the As, and distil with Fe,Clj and HCl. 

Vanadium in Minerals, L*Hote {Ann, Chim. Fhys,, [6], xx., 409) 
mixes the finely pulverized mineral with carbon. If arsenic is present, 
remove by igniting out of contact with the air. Introduce into a tube, 
heat the tube in an oil bath to 300° and pass a current of dry chlorine 
and conduct the gases into water. VdClj in contact with the water 
gives a red deposit of vanadic acid. Dissolve by H^SO^ and Zn and 
titrate with permanganate. 

Qualitative Analysis by Electrolysis, Kohn {J, S. C, /., x., 327) de- 
scribes the method of testing for some of the metals. The methods may 
be thus i?ummarized : 

Metal. Conditions — Solutions. Current = c. c. gas. Time required. 

Sb K,S. Decompose polysulphides I ,.51020.0. 1 hour. 

by warming with H,0, j ^ 

Hg acidify with HNO, 4 to 5 c. c. yi hour. 

Pb HNO. solution, ) , , 

(NH,),CA solution } ^ to 3 c. c. i hour. 
Cu HNO, or HjbO^ solution 



Ag 
Au 



y KCy solution i to 1.5 c. c. i hour. 



From HNO3 solution the lead is deposited as PbO„ on the positive 
electrode, in all other cases (including (NH J^C^O^ solution of lead) the 
metal is deposited on the negative electrode. The delicacy of all these 
tests is stated to be i in 1,500,000, except copper which is put at 1 in 
3,ooo,oco. Urine in the solution diminishes the delicacy, and requires 
a longer time. 

Electrolytic Determination of Copper, Croasdale {/our. Anal, and 
App, Chem,^ x., 184) continues his article on this subject, giving brief 
descriptions of methods of separation from almost all the other metals, 
as described by various authorities, supplemented by his own experi- 
ments. 

Electrolytic Determination of Mercury, Smith {Jour, Anal, and 
App, Cnem,^ x., 202). Solution of the sulphide in fixed alkaline sul- 
phide was used. Strength of current 2 c. c. gas per minute. Alone, or 
when in solution together with As or Sn, the Hg was completely sepa- 
rated. 

Electrolytic Determination of Gold, Smith {Jour. Anal, and App, 
Chem,, v., 204). Separation from Sn were not achieved by the methods 
tried, but successful separations from As, Mo, W and Vd were effected. 
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Electrolytic Separation. Smith {Am. Chem. /our., xiii., 417) gives 
an account of experiments in electrolyzing cyanide solutions, describing 
the conditions for separating Au alone and when mixed with Cu, Co, 
Ni, Zn and Pt solutions, also for the separation from Pt of Ag, Cd and 
Hg. The currents used afforded from 0.2 to i c. c, of gas per minute. 

Electrolytic Separation of Rhodium. Smith {/oum. Anal, and App. 
Chem., v., 201). A solution containing Na,Rh,CI, together with 30 c. c. 
NajHPO^ (Gr. 1.0358) and 3 c. c. phosphoric acid-(Gr. 1.347) was 
found to be the best. The current afforded 1.8 c. c. gas per minute. 
The metal was completely deposited in seven hours. 

Electrolysis in Sulpho-Cyanate Solutions. Frankel {Jour. Franklin 
Inst., January, 1891), has investigated this subject and finds that Hg 
and Au can be readily separated quantitatively ; Cd and Bi are deposited 
in a spongy form ; Sb is deposited in a non-adherent coat ; Pd, Ni, Co and 
Zn are first deposited and then dissolved by the action of the current. 
Results were quite unsatisfactory for quantitative estimations of Fe, Mn, 
Pb, and Sn by this means. The strength of current used was about 
I c. c. of gas per minute. 

Sulphur in Coal. Neilson {Chem. News, Ixiii., 192) reports compara- 
tive results by six different methods on the same sample (a hard coke). 
The method by mixing 1 gm. of the sample with 2 gms. CaCO, in a 
platinum dish, heating to low red until the carbon is burned off, then 
dissolving with water with addition of Br water and HCl, boiling, fil- 
tering and finally precipitating with BaCl,, gave higher results than t»ie 
others (heating with MgO, or fusion with alkaline nitrate and carbon- 
ate), but accorded well with a new method which is described. It con- 
sists in heating i gm. of t|[)e coke mixed with 2 gms. Na^CO, and 0.5 
gm. MnCO, to low red until the carbon is burned off. It is then fused, 
extracted with HCl, evaporated to dryness, filtered and precipitated as 
usual. A blank test for correction of the results is necessary. 

Determining Sutphur. Tread well {Berichte, xxiv., 1937) recommends 
to heat to low red the substance mixed with pure iron (ferrum reduc- 
tum, iron by hydrogen) for about 10 minutes in a current of CO,, which 
affords FeS. By treatment of this product with HCl in an atmosphere 
of hydrogen, all S is evolved as H,S, which may be passed into ammo- 
niacal H,0„ and determined as BaSO^ or estimated iodometrically, etc. 
The S in HaS04 ™*y ^ determined by this means, though longer heat- 
ing is required. The method is intended only for application to mineral 
sulphides. 

Rusted Pig-iron Drillings. Donald {News, Ixiii., 73) found that by 
rusting, some combined carbon, but more of the graphite was lost. 

Carbon Monoxide. Berthelot {Comptes Rendus., cxii.. No. 12) finds 
that ammoniacal silver nitrate is quickly reduced by this gas. 

KJeldahfs Method for Nitrogen. Kebler {Jour. Anal, and App, 
Chem., v., 257) gives an index to the literature on the estimation 0! 
nitrogen, more especially the Kjeldahl method. 
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Nitrogen iu Water, Wagner {/our. Phar, Chim,y xxiii., 5) applies 
the Kjeldahl method thus : Nitrates and nitrites are first reduced to 
ammonia by the zinc copper couple and H,SO^, in 500 c.c. of the water, 
until there is no reaction for HNO2. The water is then evaporated to 
about 5 c.c. Then 0.5 gm. CuO and 10 c.c. of 6 parts ordinary concen- 
trated H,SO^ with 4 parts fuming sulphuric acid are added, and the 
operation carried through as usual, except that Rochelle salt is added, 
together with the alkali, when the NH, is to be distilled off for titration. 

Analysis of Nitrates, Ulsch {Fres, Zts, Anal. Chem,, xxx., 175) re- 
gards methods involving the use of metallic zinc, and determination of 
the ammonia formed, as faulty, since with zinc there is some loss of 
nitrogen. He prefers to use metallic iron with dilute H^SO^, which 
gives no nitrous acid. Iron which has been reduced by hydrogen he 
found most satisfactory, though some kinds of iron filings worked well. 
He notes that a reduction to ammonia is effected, even if the nitrate 
solution is added after all the metal has dissolved. He describes also a 
method for the determination of nitrate, by measurement of the deficit 
in hydrogen evolved by a known amount of iron. 

Estimation of Nitrates. McGowan {Proc. Lond, Chem. Soc, No. 97, 
p. 84). In an apparatus from which the air has been expelled by CO,, 
the nitrate is warmed with an excess of concentrated HCl. The reac- 
tion is HNO, + 3HCI = NOCl -f CI, + 2Hp. The gases are passed 
through KI solution and the liberated iodine titrated. All three CI 
atoms react upon the KI while NO escapes. 

Ni rates in Potable Waters. Harrow {J. Lond. Chem, SoCy lix.,320) 
offers the following method : A beaker containing 50 c.c. of the water 
is placed on a sheet of white paper, side by side with others containing 
known amounts of nitrate. To each is added 10 c.c. of a solution 
(made by dissolving i gm. (alpha) naphthylamin, i gm. sulphuric acid, 
and 25 c.c. HCl in about 200 c.c. boiling with a little bone-black, filter- 
ing and diluting to 500 c.c.) 0.007 ^^ 0.008 gm. zinc dust is added to 
each beaker. At the end of 15 minutes the colors can be compared. 
The reaction, of course, consists in the formation of nitrous acid, and 
the reaction of that substance, as in Griess' test. 

Nitrates in Water, Bartram {Jour. Franklin Inst.y March, 1891) finds 
that in the phenol sulphonic acid method (Grand val-Lajoux), when the 
reagent is freshly prepared, the results are unaffected by the presence of 
chlorides in the water, but if the reagent has stood for some time, the 
influence of the chlorides, especially when proportionately large to the 
amount of nitrate, cause$ results to be 20 per cent, or more too low. 

Nitrates in Water, Hazen and Clarke {Jour, Anal, and App, Chem.y 
v., 301) find that the phenol sulphonic process gives low results, especially 
when much chlorine is present. The colors could not be matched by 
solutions of picric acid. The compound formed seems to match more 
closely (though not exactly) the tints obtained with ortho-mono-nitro- 
phenol. 

The aluminum process was more satisfactory. The hydrogen evolved 

VOL. XII.--23 
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may in practice carry off 2 per cent, of the ammonia. For most waters 
it was found that the solution could be nesslerized directly, without dis- 
tillation. The amount of nitrate reduced is proportional to the Al 
dissolved, whatever the bulk of the solution. The higher the tempera- 
ture the less Al required. When the NaOH contained Zn it was less 
efficient. With natural waters the action was slower than with distilled 
waters. Al foil, 0.005 inch thick, was found to be the best form. 

Analysis of Dynamite^ etc, Scheiding (Z/j. angew. Chem.^ 1890, 
614). Extract with ether. This removes nitro-glycerol, — evaporate 
off the ether at ordinary temperatures, dry over H,SO^ and weigh. 
Heating must be avoided as the nitro glycerol will volatilize perceptibly 
even at 40** C. 

A determination of the moisture in the residue, is usually all that is 
required with dynamite. In blasting gelatine, however, it may be nec- 
essary, after removing nitro-glycerol, to extract nitrate (and possibly 
other salts) with water; then re-dry and extract lower nitro-cellusoses 
by ether and alcohol (2 : i) and finally trinitro-cellulose by ethyl acetate. 
The residue may be examined for sawdust, chalk, magnesia, barytes, etc. 
The last is reckoned as an adulterant. 

If other nitro compounds than nitro-glycerol are extracted by ether, 
determine the nitro-nitrogen by Schultze's FeCl, process. 

Determination of Oxygen, De Koninck (Z/r. angew, Chem,^ 1891, 
78) has investigated Wanklyn and Cooper's suggestion as to the 
method with NO. Theoretically the reactions should be 2N0-f 0,= 
2NO, and 2NO,+H,0 = HNO, -f HNO,. By experiment, however, 
it appeared that this reaction only, did not occur. The amount of con- 
traction was not constant, nor in accordance with this theory. 

Estimation of Oxygen, De Koninck (Z/j. angew, Chem,, 1890, 727) 
uses as an absorbing solution a mixture of FeSO^, Rochelle salt, and 
KOH solutions. He makes up : A. 40 gms. FeSO^ in 100 c.c. water, B. 
30 gms. KNaC^H^O, in 100 c.c. and C. 60 gms. KOH in 100 c.c, then 
adds one volume of A to five volumes of B. A white precipitate forms, 
which is dissolved by adding one volume of C. Unless mixed in this 
manner, a clear solution is not obtained. The solution should be clear 
for use. 

Analysis of Illuminating Gases, Lewes "(y. S. C, /., x., 407) reports 
interesting investigations on the subject. He finds Scead's apparatus to 
be the most satisfactory, and uses two, one with mercury, the other with 
water. Both must be accurately calibrated. His procedure is: ist. 
CO, and H,S are absorbed by a 50 per cent. NaOH solution, agitating 
for 10 minutes. With gases containing over one per cent. CO, and of 
HjS the absorption must be done over mercury. 

2. O — absorbed by alkaline pyrogallate. Allow full 20 minutes with 
agitation. The solution must not be too freshly made, nor should it 
have been used more than three or four times, since CO is given off after 
a certain proportion of O has been absorbed. 

3. Unsaturated hydrocarbons, — absorbed by Br in KBr solution with 
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gentle agitation for 15 minutes. Absorbs the Br vapor by NaOH before 

measuring. 

4. CO — absorbed by acid Cu,Cl^ Agitation for 20 to 30 minutes. 
This estimation is the least satisfactory of any, it being exceedingly dif- 
ficult to absorb the last portions of the gas. 

5. Saturated hydrocarbons — partially absorbed by paraffin oil, by 
agitation for 30 minutes. Ethane, butane, etc., are entirely absorbed. 
Experiments showed, however, that only about two- thirds of the me- 
thane was absorbed. 

A portion of the remaining gas is run into the mercury eudiometer, 
measured, mixed with excess of oxygen, and exploded. The CO, 
formed absorbed by NaOH then gives the volume of methane unabsorbed 
by the paraffin oil. The taps of the apparatus should be held in place 
by rubber bands, as the shock tends to loosen them, and cause leakage. 
The pressure must not be too much reduced before exploding, or the 
combustion will be incomplete* 

6. Absorb the remaining oxygen by alkaline pyrogallate, take the 
residual gas as nitrogen, estimating hydrogen by difference. 

For acetylene and H,S Winkler's method is used — ^passing the gas 
through two absorbing bottles containing concentrated ammoniacal 
silver nitrate. The precipitate is filtered and washed and then treated 
cautiously with dilute HCl. The AgCl in the precipitate is dissolved 
out by ammonia and precipitated by HNO, i gm. AgCl = 0.09068 gm. 
acetylene or 78.0314 c.c. The residue insoluble in ammonia, should be 
oxidized, and the sulphur determined gravimetrically, especially if the 
gas contains much CO, which also precipitates silver solution. For 
sulphur compounds other than H^S, the gas after leaving the silver solu- 
tion must be passed over platinized asbestos or pumice heated to 400° 
C. which converts them to H,S in the presence of hydrogen. This is 
passed into lead solution and estimated in the usual way. 

Prof. Lewes also gives a paper on the analysis of the products of in- 
complete combustion. (/^. p. 413.) 

Mineralogy, by A. J. Moses. 

An Especial Arrangement of the Wollaston Goniometer.* 

** In laboratories, the measurement of diedral angles of crystals is 
ordinarily made with the Wollaston's goniometer, using with it, as a 
luminous signal, a horizontal slit in a screen which covers a gas flame. 
As a point of reference, use is made of any line whatever in the plan^ 
which is perpendicular both to the horizontal slit and to the axis of rota- 
tion of the goniometer, or, which is a great deal better, of the image 
of the slit itself in a small mirror fixed at the base of the goniometer; 
the mirror being so arranged that its plane is parallel to the axis of rota- 
tion of the goniometer." 

** The measurements are effected by two classes of errors; those due 
to the almost inevitable variation of the position of the eye during the 
measurements : the other, generally more considerable, results from the 
impossibility of placing the crystal in such a manner that the axis of 

* The work of translation was in pait performed by Mr. L. M. Luquer. 
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rotation shall be exactly included in the plane which bisects the diedral 
angle to be measured.* 

** These two errors are annulled when the distance from the luminous 
signal to the crystal is infinite. Practically, this distance can but little 
exceed a few metres, which makes possible errors of four to five minutes." 

*'■ For very precise measurements a goniometer with a vertical axis 
is used, upon which are installed a collimator, the luminous slit of 
which serves as a signal, as well as a telescope provided with cross hairs 
by the aid of which the images reflected frona the crystal faces are 
observed. This arrangement eliminates the two fundamental errors 
which we have described, but it makes the measurements much too difficult 
and too tedious. Not only does the interposition of the telescope 
between the crystal and the eye cause the loss of a great deal of light, 
but more especially it makes that most delicate and tedious portion of 
the measurement, the orientation of the crystal on the axis of rotation, 
much more laborious." 

"To combine as completely as possible the precision of the gonio- 
meter with a telescope with the ease of manipulation of the ordinary 
Wollaston goniometer." Mallard uses the following arrangement : 

" This consists essentially in substituting for a luminous signal, 
placed as far as possible from the goniometer, a luminous slit placed 
at the focus of a large lens, and thus forming a true collimator that 
can be placed very near the goniometer. The ordinary mirror of the 
goniometer is adjusted with reference to the crystal in such a manner 
as to receive the luminous rays emerging from the collimator at the same 
time as the crystal does. The image of the luminous slit reflected by the 
mirror, is taken for a line of reference." 

** Since the luminous signal and the line of reference can both be con- 
sidered as at infinity, the errors of parallax are eliminated. The meas- 
urements are made with as great ease as in case of an ordinary (Wollas- 
ton) arrangement. Besides, the light reflected by the crystal faces is 
more intense, and all the apparatus, comprising the goniometer, the 
luminous signal and the lire of reference are included in a small space. 
The details of the arrangement are represented in Fig. i." 

*' L is the lens of the collimator, which ought to be so large that while 
the central portion of the ray falls upon the cr}'stal, A, the mirror, M, 
may also receive a portion of this ray." 

I use a lens of o.io m. in diameter. It does not need to be perfectly, 
achromatic. It is sufficient that the central part of the ray^ which falls 
on the crystal should be so. The image reflected by the mirror, M, is 
made achromatic by colored glasses placed before the mirror." 

"C is the cylinder of the collimator, blackened on the inside; it is 
supported by two grbved uprights, Q Q, between which it can slide and 
to which it can be fixed by clamp screws. When necessary it is possible 
to so arrange that the cylinder can be inclined from the horizontal by 
turning around on axis, carried by the screw q \ but this is not indis- 
pensable." 

"The cylinder is closed by the lens, L, carried by a tube which 
fits closely in the cylinder, C, and is fixed by means of the clamp 
screw, r, when the rear end is exactly in the focal plane of this lens." 



f See for details Mallard's Traite de Ctystallographuy i., 221-226. 
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" The rear end is closed, with the exception of quite a large central 
orifice. In front of this orifice, in a conveniently arranged groove, 
slides a metalh'c plate, R R, represented in detail Fig. 2. It carries slits 
of various forms,/,/,'/" which can be successfully be placed at the 

Fig. I. 



centre of the orifice. When one of these slits is placed in this position 
aliltle rachet and pawl holds it there." 

" The slit is illuminated by a gas jet, C." 

" For an ordinary crystal I use the slit/, Fig. 4, employed by Web- 
sky. When the crystal faces are dull and a great deal more light is 
needed, I use the window/'." 

"It is possible in the measuretnents to superpose the image of the 



Fig. 2 
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ffi- 


$■ 



luminous slit, seen by reflection from the crystal, with that of the same 
slit seen by reflection from the mirror. WJien this superposition is ob- 
tained the mirror and the crystalline face are parallel, and the super- 
position will not cease to exist if the relative positions of the goniome- 
ter and the collimator are changed in any way whatever, or even if the 
luminous slit is displaced in the focal plane." 
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" But a close precision is not reached, especially when the image 
given by the crystal face is not very gooil, by superposing two images of 
the same slit. It is better to place a little below the first slit, which I 
shall call the signal slity and which has one of the forms/,/', another 
very narrow slit, / (Fig. 2), parallel to the direction of the first, and 
which I will call the cross-hair slii. It is, like the signal, crossed per- 
pendicularly by a small and very fine slit, which ought to be the exact 
prolongation of the one which crosses the signal slit." 

** The very fine cross-hair slit does not give, usually, a clear image by 
reflection on the crystal faces, but it gives by reflection in the mirror 
a very clear image, colored by the glass P. It is upon this image that 
the axis of the image of the signal slit, reflected by the crystal, is super- 
posed, thus making use of the image of the cross-hair slit seen in the mirror 
as a true cross hair. There is reached in this way an exactness which, 
with good cr>stal faces, attains easily the minute and even the half- 
minute." 

*' It is true that with this method of working the crystal face and the 
mirror are no longer strictly parallel when the crystal image of the 
signal slit is superposed ui>on the mirror image of the cross-hair slit. 
The position of the goniometer with reference to the collimator is no 
longer indifferent, and it is necessary that the axis of the goniome- 
ter should be perpendicular to that of the collimator. Bat the angle 
that the crystal face makes with the mirror at- the moment of super- 
position is equal to the angle subtended by the distance between the 
two slits, with the optical centre of the lens as a centre. This angle, 
which is only 2° to 3°, is small enough to allow adjusting the relative 
positions of the goniometer and collimator in a very approximate 
manner." 

"The mirror can be inclined 40*^-50® to the horizon, and for accu- 
racy provision is made for the slight movement necessary in adjusting. 
This adjusting, which has for its object the placing of the mirror 
strictly parallel to the axis of rotation, is made very simply by placing 
at the extremity of the axis of the goniometer a plate with parallel 
faces, such as a very regular little (cleavage) fragment of felspar. The 
mirror is adjusted when the two images given by each of the two faces 
of the plates can be brought, by rotation of the axis of the goniometer, 
into superposition with the image reflected by the mirror." 

" The crystals to be measured may have very different dimensions; it 
is, therefore, convenient to be able to move the mirror while always 
maintaining it parallel to itself. There is, therefore, given to the support 
of the mirror three movements of translation perpendicular to each 
other, and of which one is in the direction of the axis of the goni- 
ometer." 

*' The arrangement just described can be adapted to any goniometer, 
but the measuring becomes more easy when the crystal is supported in 
the manner suggested by Groth. The crystal, fixed with wax on a small 
circular disc, // (Fig. i), can receive — and this is indispensable — two 
movements of rotation on two arcs of circles perpendicular to each 
other and having their common centre situated towards the middle of 
the crystal, A, so that the changes of orientation of the crystal do not 
too much displace its centre of gravity. The two sliding motions are 
obtained by turning the screws v, v, and 7/, if^ 
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For the proper centring of the crystal it is convenient to fix the entire 
system which holds the crystal to two sliding planes, g and ^, which, 
by means of the screws u and 1/ permit giving to the crystal two move- 
ments of translation in a plane perpendicular to the axis of rotation." 

Translated and somewhat condensed from a pa|)er by M. Er. Mallard 
in Annaies des Mines ^ S. 8. t. xii., Nov.-Dec, 1887. 

Aguilarite, Genthy Ag^S.Ag^e. Isometric. 

One of half a dozen pieces of supposed naumanite from the San 
Carlos mine, Guanajuato, Mexico, was pure mineral ; the others were 
more or less altered to a cupriferous stephanite. The description of the 
unaltered specimen is as follows : 

Occurs in groups of skeleton dodecahedral crystals, not over 10 mm. 
by 6 mm. in size, with only the edges perfectly developed. The crys- 
tals are frequently elongated so as to resemble tetragonal and hexagonal 
forms. No cleavage observed; H = 2.5 ; G. = 7.586; lustre, very 
brilliant ; color, iron black ; fracture, hackly. In open tube, at low and 
then red heat, yielded metallic silver, sublimate of selenium and silky 
needles of selenous oxide. Analysis showed : 

Ag, . . 79-07 

S 5.86 

Se, 14.82 

99-75 

Named after the superintendent of the mine, Sefior Aguilar. — Amer, 
Joum, Sa\, xli., 401-402, May, 1891. 

Albite. 

Russian albites crystallographically described. — S. Glinka, Neues 
Jahrbuchy 1891, i., 218-228. 

Alunite. 

W. Cross describes the occurrence of alunite rock at Democrat Hill 
and of an alunite diaspore rock at Mt. Robinson, in the Rosita Hills, 
Colorado. The alunite rock of Democrat Hill is cellular, the cells being 
lined by rudely tabular crystals obscured by minute quartz crystals. 
Microscopical and chemical examinations prove the tabular crystals to 
be alunite, and the rock to be two-thirds quartz, one-third alunite. — 
Amer, Jaurn. Sci,, xli., 466-469, June, 1891. 

Alunogen. Keramohalite of Teneriffe. 

The " haarsalz " found in the crater at the summit of Pico de 
Teyde, in the Canary Islands, is a yellowish gray-white^ hygroscopic, 
coarse granular mass which consists chiefly of crystallized material. 
Crystals, mechanically separated, are small, feebly lustrous, and imper- 
fectly formed; monoclinic augite-like in form, fix^gj^ 34' a:b:c 
: : I : ? : 0.825. 

They are easily separated by solution in water from the insoluble 
components, sulphur and various silicates ; and a very satisfactory 
analysis is possible. 
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SOs, 

FeO . 
CaO, . 
MgO, . 
NaaO, 

HA- 



38.62 AljCSO^),, 

13.96 Fe,(SOJ„ 

0.94 FeSO^, 

0.66 Corresponding to CaS04, 

0.22 MgS04, 

0.04 Na,So4, 

2.37 

42 o I H,0, 



98.82 



46.81 

2.35 

1.39 

0-53 
0.12 

6.43 
42.01 

99.64 



— Hof and Becke, Tschermak's Min, MittheiL^ xii., 39-48, 1891. 

Aragonite. 

Description of crystallization at Leogang, Salzburg, and biblio- 
graphy. — Zeit. /. Kryst, , xi x. , 1 40-1 46, 1 89 1 . 

ASTROPHYLUTE. 

L. G. Eakins analyzes the astrophyllite of St. Peter's Dome, Pike's 
Peak, Col.; the results agreeing very well with Brogger's formula 
R"^R'^Ti(SiOJ. — Amer,Journ. Sa'., xlii., 34-36, July, 1891. 

AWARUITE. 

G. H. F. Ulrich on the discovery, mode of occurrence and distri- 
bution of the nickel-iron alloy, awaruite, on the West Coast of the 
South Island of New Zealand. — Quart. Journ. Geoiog. Soc, Nov., 1890. 

AXINITE. 

Description of specimens from Franklin, N. J. ; Guadalcazar, Mex- 
ico, and McKay's Brook, Northumberland Co., N. S., by F. A. Genth, 
S. L. Penfield and L. V. Pirsson. — Amer. Journ. Set,, xli., 394-397, 
May, 1891. 

AZURITE. 

Measurements of crystallized azurite from Arizona. O. C. Far- 
rington. — Amer, Journ. Sci,, xli., 300-307, April, 1891. 

Barite. 

Study of mcde of occurrence and crystalline form of the barite of 
the Huttenberger, Erzberges. — Tschermak's Min. Mittheil, xii., 62-81, 
1891. 

Bernardjnite. 

Originally described as a fossil resin, later as a recent resin, is now 
shown by J. S. Brown to be a fungous growth enclosed in resinous ma- 
terial. — Amer, Journ. Set',, xlii., 46-50, July, 1891. 

Bertrandite. 

M. L. Michel reports the discovery of this species at Limoges, 
Haute Vienne. — Bu//, Soe, Frane, Min,^ xiv., 76, March, 1891. 
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Calcite. 



'* Contributions to knowledge of crystalline form of calcite,*' de- 
scribes calcites of Reidlingen, Tiillingen, Baden weiler, Kandern^ D5- 
gern, Waldshut, St. Blasien, Uffhausen, Kaiserstuhl, MUnsterthal, Hau- 
sach, S. Wenzel, Wolfach, and Schapbachthal. — F. Sanson!, GiornaU 
de Mtneralogta, i., 299-316, 1890. 

Celestite. 

Description of crystallization at Leogang, Salzburg and biblio- 
graphy. — Zeitf, Kryst,^ xix., 15 3-1 61, 1891. 

CoLUMBiTE of the Black Hills, S. Dakota. 

W. P. Blake, Amer. Journ, Sct\, xli., 403-405, May, 1891, crystal- 
lographic study by S. L. Penfield. 

CORYNITE. 

Laspeyres considers it to be a normal ullmannite with considerable 
but varying admixture of gersdorffite. — Zeit,f, Kfyst, xix., 11, 1891. 

Datolite. 

Study of a crystal from Andreasberg. — K. Busz, Zeit /. Kryst., 
xix., 21-24, 1891. 

Diaspore of the Rosita Hills. 

With the alunite rock of Mt. Robinson there is much of a rough 
finely cellular rock composed of bluish quartz and irregular grains of 
some transparent colorless mineral with noticeably brilliant cleavage. 
Chemically and optically it agrees with diaspore and the subsequent 
finding of clear prismatic crystals proved its identity (the crystals are 
described by W. Melville, pp. 475-477). W. Cross, Amer, Journ, Sci,^ 
xli., 469, June, 1891. 

Dolomite. 

Crystallographic study by F. Becke, Tschermak^s Mittheil.j 1888, 
X., 93 and 1890, xi., 221-224. Abstract in Zeit, /. Kryst,, 1891, xix., 
189-196. 

Description and bibliography of dolomite of Leogang, Salzburg. — 
Zeit f, Kryst, , xix. , 1 39- 1 40, 1 89 1 . 

Ekdemite and Heliophyllite. 

The distinction between these two closely related species was said 
to be that ekdemite was tetragonal, and heliophyllite orthorhombic. 
Hamberg finds that the heliophyllite of Harstig, consists of two types, 
in one of which, the larger tabular crystals, sections parallel to the base 
show alternating lamellae of uniaxial and biaxial material crossing at 
right angles, the other type, which consists of acute tetragonal pyra- 
mids, show, in similar section, a uniaxial groundmass with streaks of 
biaxial material in various directions. 
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Gorda in white cleavable masses, probably hexagonal, led Frenzel and 
Arzruni to a re-examination of Gordaite, with the result that Frenzel 
admits its identity with ferronatrite, with the formula 3Na4SO^, Fe,(S04)3 
+ 6H,0; and Arzruni describes the crj^tals as short, columnar or 
needle-like, undoubtedly of rhombohedral form a : ^: = i. : 0.55278 ; 
with cleavages parallel to the prisms of the first and second order, thus 
giving frequently the rectangular forms which misled Frenzel. — Zeit f. 
Kryst, xviii., 593-598, 1891. 

Fluocerite. 

The analyses of the common compact variety led to the formula 
(Ce,La,Di),0 (F,0H)^ or suggested a basic fluoride of the same bases, 
which had been subjected to the commencement of a decomposition by 
the interchange of fluorine and water. The crystalline form had only 
been approximately determined by optical methods. 

M. Weibull obtained last year two rough crystals in the quartz of 
Osterby, Delarne, Sweden, which he separated from the quartz by hydro- 
fluoric acid. The faces were plane, but too rough for measurement, 
except by the contact goniometer. The crystals were hexagonal pris- 
matic ; one showed both prisms and a face of the second order pyramid ; 
the other crystal showed one prism and a trace of the other, and an 
unmistakable basal cleavage. The approximate ratio /*-:<:== i : 1.06 
is given. — Zeit f, K^ysf., xviii., 619, 1891. 

Garnet. 

Yellowish-brown lustrous crystals from Rothenkopf, Zillerthal, 
showed the new face 853. — Zeitf. Kryst.^ xix., 188, 1891. 

Pink Grossuiarite (voTCi Xalostoc, District of Cuautla, Morelos, Mexico. 
C. F. De Landero, Amer, Journ, Sci.^ xli., 321-323, April, 1S91 : 

SiO,, 40.64 

AljOj 21.48 

Fe,03» ".57 

CaO 35.38 

MgO 075 

MnO.BaO, trace. 

Insol 0.17 

99.99 

G.» 3.516; H., 7.5; fusibility, below 3; for.tiula (Ca.Mg),(Al,Fe,) 
SijOij ; form, 00 O. 

Almandite of Fort Wrangel, Alaska. A. F. Kountze, Ihid^ 332-383. 

Mean of Analyses. 

SiO,, 39.29 

AlA 21.70 

f ^»^'3j ••••••• ••• irace, 

FeO, 30.82 

MgO 5.26 

CaO, 1.99 

MnO, 1.51 

100.57 
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Melanite, R. Soltman analyzes a melanite from Oberrothweil in 
Kaiserstiihl, 'which contains ii.oi TiO, and 1.28 ZrO,, and in which 
the sum of the dioxides exceeds the limits of the garnet formula, making 
the part played by the titanium uncertain. — Zeit, /. Kryst,^ xviii., 628, 
1891. 

Glasurite, Knop, 

A brownish yellow, glassy coating, from the cavities of the Lim- 
burgite of Sasbach, apparently consisting of uniaxial columns. — Zeit. /. 
Kryst.y xviii., 668, 1891. 

Gmelinite. 

L. V. Pirrson presents a crystallographic and chemical study of the 
gmelinite of Nova Scotia and suggests that Streng's theory as to the 
identity of this mineral with chabazite may be accepted if we assume 
that the large replacement of lime by soda in the gmelinite lengthens 
soniewhat the vertical axis ; and notes that in the Five Island material 
where the difference in axial ratios is greatest the soda is in highest per 
cent. — Amer. Jour, Set',, xlii., 57-63, July, 1891. 

Griphite, W. p. Headden, RJ^^O^^l Amorphous, 

Occurs in kidney-shaped masses sometimes weighing over fifty 
pounds. H.=5.5; G. = 3.401 ; lustre resinous- vitreous, color, dark 
brown, in thin flakes translucent and yellowish-brown ; fracture, uneven 
to conchoidal ; brittle. Fuses easily in the flame of a candle and reacts 
for Mn. Fe. Na, before the blowpipe. Readily soluble in acids. Mean 
of several analyses is : 



PA. • 

MnU, . 
CaO, . 

AlA. . 
FeO, . 

MgO, . 



38.52 Na,0, .... 552 

2964 K,0, .... 0.30 

7.47 Li,0, .... trace. 

10.13 HA .... 429 

4.00 CI, .... 0.1 1 

0.15 F., .... trace. 

Insol 0.16 



100.29 
— Amer, Jour, Sci, xli. 415-16, May, 1891. 

Halotrichite. 

From Elk Mt., Pitkin County, Colorado. E. H. S. Bailey. — Amer. 
fourn, Sei,y xli., 296, April, 189 1. 

Kallilite. Wismuth-Antimonnickelglanz. Laspeyres, 

These names are given by Laspeyres to isomorphous mixtures of ull- 
mannite (antimonnickelglanz) and the corresponding bismuth com- 
pound (wismuth nickelglanz), the name kallilite being especially given 
to an ore from the Friederich mine near Sch5nstein, Siegen ; where it 
occurs in pure masses containing nearly 12 per cent. Bi, with cubical 
cleavage and accompanied by siderite, quartz and occasional needles of 
millerite. — Zeit f, Kryst,, xix., 12-17, 1891. 
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KORARFVEITE. 

Radominsky's k?irarfveit (kSrarfveit), made a species on ground of 
high fluor contents (4.35 per cent.) is according to analysis of Blom- 
strand, upon specimen from same locality collected in the same year, 
only a common impure monazite Fs=s 0.33 — ,Zeit f, Kryst^ xix., 109, 
1891. 

o 

Lavenite. 

Lacroix records microscopic crystals of lavenite, in the nephilitic 
phonolite of Haute Loire. — Bull. Soc, Franc, Min, xiv., 15-16, Jan., 
1891. 

MoNTiCELLiTE, from Magnet Cove, Ark. 

In microscopic colorless hexagonal prisms and in radiating crys- 
talline masses in a coarse-grained calcite. Analyses and crystaUine form 
given. Genth and Pirrson. — Amer. Jaurn,^ Set, xli., 398-400. May, 
1891. 

Natrolite. 

Crystallographic description of natrolites of Salcedo, Mt. Baldo, 
Montecchio Maggiore and Altavilla. — G. B. Negri Giornale di Miner- 
alogia i., 325-326, 1890. 

Savite of Montecatini proved chemically as well as crystallographi- 
cally identical with natrolite. — Zeit,f, Kryst,, xix., 203, 1891. 

Nephelite. 

Discussion of crystallization by H. Baumhauer, Zeit,f, Kryst,, xviii., 
611-618, 1891. 

Nesquehonite. 

Friedel reports the discovery of a fibrous white mineral in the 
Anthracite mine of Mure, Is^re, which corresponds in composition to 
the Nesquehonite of Genth and Penfield, found in ihe Nesquehoning 
Anthracite mine near Lansford, Pa. The author doubts Genih*s formula 
for the Lansfordite of which Nesquehonite is supposed to be a pseudo- 
morph. — BulL Soc, Franc. Min,^ xiv., 60-63, Feb., 1891. 

Newtonite. Brackett and Williams. Alfi^,SiO^,4Hfi + aq. Rhom- 
bohedral. 

Occurs in soft compact lumps from a few ounces to forty pounds 
in weight, imbedded in dark green clay at Sneed's creek, Newton county, 
Ark. Color, pure white ; G. = 2.37. Under high power is seen to be 
composed of minute rhombs which are doubly refracting. Infusible ; 
only slightly dissolved in boiling concentrated HCl, but completely by 
HjSO^ or KOH. Analysis shows, after deducting slight impurities and 
recalculating : 

SiO^ . . I 39.76 40.88 

AljOj, 36.01 35.85 

Loss by ignition, 24.23 23.27 

100.00 100.00 

— Amer, /ourtL Sci., xlii., 11-16, July, 1891. 
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Nickel. 

In the auriferous sands of Elvo near Biella, Piedmont ; Sella notes 
malleable magnetic grains which contain Ni and Co 75.2, Fe 26.6 or 
nearly NijFe. — Compte Rendu,, cxii. 171, 1891. 

NONTRONITE. 

A nontronite like mineral from the cavities of the Limburgite of 
Sasbach apparently identical with Saussure's sideroclepte (chrysolite;) 
forms spherical masses of concentric scaly structure, often changing 
into yellow and green scales by which the radial structure of the original 
mineral is erased. Analysis showed : 

SiOj, 5»-2o 

AlA 829 

Fe,0„ 19.62 

MgO, 404 

MnO, 025 

H,0, 16.80 

100.20 
— ZeiLf, Kryst^ xviii., 668, 1891. 

Offretite. Ferd, Gonnard {K^Cd)Ai^i^O^^+ yAq, HexagonaK 

In the basalt of Mt. Simiouse near Monbrison there is found, with 
much christianite (phillipsite) and a little chabazite, a very small amount 
of an apparently new zeolite, which the discoverer has named in honor 
of Prof. Offret of Lyons. 

The mineral occurs as very small isolated crystals, yi m.m. to ^ m,m. 
by I m.m., which appear to be simple hexagonal prisms and complex 
barrel-shaped forms. Cleavage, perpendicular to the base ; G= 2.13 ; 
lustre, vitreous ; colorless and transparent ; polarizes light feebly. 
Before the blowpipe, whitens and fuses quietly to a white enamel. In 
tube yields water. In S.Ph. slowly decomposed leaving the SiO, skeleton. 
With soda fuses to a pale brown glass slightly greenish on fracture. Very 
slightly attacked by either hot or cold acids. 

Analysis upon 0.5442 grammes showed : 

SiO,, 52.47 

A1,0„ 19.06 

CaO, 2.43 

H,0, 18.90 

100.58 
— Bu//. Soc. Franc, Min., xiv., 58-60, Feb., 1891. 

OuooaASE. Pericline of Pfitschthal. 

As a result of an elaborate optical study of the pericline of Pfitsch- 
thal, Tyrol, L. Munzing concludes : 

That the original mineral was an oligoclase, rich in soda, very porous 
and twinned as pericline is. That albite was deposited in the pores, par- 
tially filling them, but not completely, as is shown by the porous interior 
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of broken crystals. That as in similar deposits in orthoclase, the albite 
deposits were oriented, or arranged parallel to the structure of the oli- 
goclase, retaining the twinned structure of pericline. 

Chemical analysis: upon the mixture, which is practically inseparable 
by gravity liquids : 

SiO,, 64.21 

A1,0, 22.33 

CaO, 3 02 

Na,0, , . 10.21 

K,0, 0.45 

100.22 

The pericline of Pfitschthal must therefore be struck from the list of 
albites, but the periclines of Zillerthal, Grossarl, Salzburg, St. Gothard, 
and Viesch are typical albites. — Neues Jahrb. of Min, 1891, ii., i-ii. 

Opal. 

In large deposits, partly semi-opal, partly precious opal, at Vor5s- 
vagds (Hungary?). — Zeit,f, Kryst, xix., 202, 1891. 

Plessite. 

In the Welland meteorite the so-called plessite was observed to 
consist of thin alternating lamellae resembling in their physical prop- 
erties kamacite and taenite. Carefully separated and analyzed the 
the results were as follows : (For comparison the analyses of kamacite 
and taenite are also given.) 

Taenite. 

74.78 
24.32 

.50 





Kamacite. 




Plessite. 




Kamacite-Iike bands. 


Taenite>like bands. 


Fe, 


9309 


92.81 




72.98 


Ni, 


6.69 


6.97 




25.87 


Co, 


.25 


.19 




.83 


c, 


.02 


.19 




.91 



100.05 100.16 100.59 99.93 

This would seem to indicate that plessite is only a mixture of taenite 
and kamacite. — J. M. Davidson in Amer, Jounu Set,, xlii., 64-66, July, 
1891. 

Plumboferrite. L,J. Igelstrom, iFe^O^ + PbFe^O^, Isometric, 

Found at Jakobsberg, Sweden, in veins in the granular limestone 
and also associated with the jacobsite of the same locality ; in this case 
likely to be mistaken for common granular or lamellar Swedish hema- 
tite, but separable by the magnet into the two minerals. 

It has not yet been found in detached, well-formed crystals, but in the 
veins it occurs as lamellar masses, with evident cleavage resembling the 
Swedish galena, but not quite so clear. It frequently contains fine 
threads of native copper, which it is thought by the author accounts for 
the statement of the older books, that native copper occurs with mag- 
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netite in this locality. H. = 5 ; lustre, bright metallic ; color, brighter 
than jacobsite ; streak and powder, bright red ; non-magnetic when 
pure; soluble in HCl without evolution of CI. 

It stands near franklinite and jacobsite, lead oxide taking the place 
of the zinc oxide of the one and of the manganous oxide of the other. 
Analysis shows : 

Recalculated 
after deduct- 
As found. ing CaCOai 

FeA 5558 60.38 

FeO, .983 10.68 

MnO, 2.00 2.20 

PbO, 21.29 23 12 

^-■v^j, ..•■•■•.• 3*5 — — ^— 

CaO, 6.00 1.67 

MgO, 1 80 1.95 

100.00 100.00 

Corresponding to 2Fefi^ + PbFe,0^. — Zeit, f, KrysLy xix., 167-170, 
1891. 

POLLUCITE. 

Upon analyses of very pure pollucite from Hebron, Maine, and a 
recalculation of the original analysis by Plattner and of a later one by 
Pisani, as well as from the fact that the generally accepted formula of 
Rammelsberg is based upon ** a single analysis where an important con- 
stituent was determined by difference ; " Mr. H. L. Wells concludes that 
the formula for the Maine and the Elba material is HjR'^Al/SiO,)^ or 
9 SiO„ 2 A1,0„ 2 R/0, H,0. In the Maine mineral R' is ^ Cs. 
y|^ K -^^^ Na. — Amer, Journ, Set,, xli., 213-220, March, 1891. 

PoLYCRASE of North Carolina. 

Supplementary note by Hidden and Mackintosh recording new 
crystalline faces and presence of Scandium, etc. — Amer, Journ, Set,, 
xli., 423-425, May, 1891. 

Protonontronite Knop, 

A dark leek-green mineral which, intermixed with calcite, forms 
a whitish green, resinous somewhat columnar mass quite filling the 
nut-sized cavities in the Limburgite of Sasbach. 

SiO» 48.52 

AlyOj, •••......,, 5*94 

FeO ', 6.00 

MgO, 24.72 

MnO, 0.59 

CaO, 2.79 

HjO, 10.70 

99.26 

— Zett.f, Krysty xviii., 66^^ 1891. 
VOL, XII. — 24 
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Pyrite. 

Study of crystals from Porkura, Hungary. A. Schmidt. — Zeit /. 
Krysty xix., 58-62, 1891. 

Quartz. 

Crystal faces of quartz of Malenco, Italy. — Zeit, f, Krysi,^ xix., 
205-206, 1 89 1. 

New faces on Zillerthal annethyst. — Cathrein in Neues Jahrbuch^ 1891, 
i., 217, 

Realgar. 

Realgar, orpiment and the accomyanying minerals from Casa Testi, 
Mt. Ainiata, Province of Grosselo. — G. Grattarola, Giornale di Min- 
eralogta, i., 278-298, 1890. 

Rectorite. Brackett and Williams^ Ai^O^, 281 O^^ Hfi-V Aq, Mono- 
Clinic. (?) 

Occurs in flexible non-elastic leaves or plates resembling mountain 
leather. H., less than talc; feel, soapy; color, white when pure, red- 
dish-brown when impure. Infusible, becomes brittle on heating. 
Mean of two analyses shows : 

SiO» 52.80 

AI2O3, 36.05 

Fe,Os, 0.25 

CaO 0.45 

MgO, « . 0.51 

K,0, 0.26 

Na,0, 2.83 

Ignition, 7.74 

100.89 
Water at 1 10® C 8.57 

Found in deposits in sandstone at Blue Mountain mining district, 
Marble township. Garland Co., Ark. Named after Hon. E. W. Rec- 
tor, of Hot Springs, Ark. — Amer. Journ, Sci., xlii., 16-21, July, 1891. 

Serpentine. 

M. Georges Friedel has examined one of the two forms of serpen- 
tine from Tilly Foster described by Prof. J. D. Dana as pseudomorphic, 
after an unknown mineral.* It consisted of a pale green mass, with 
very distinct cubic cleavage and in places equally distinct octahedral 
cleavage. The cleavage surfaces are brilliant and pearly. Even with 
the naked eye it is seen that at each cleavage plane very fine lamellae of 
transparent material are intercalated, which give the brilliant lustre. 
These lamellae possess micaceous cleavage and also two cleavages at right 
angles to each other, one more easy than the other, so that the general 
form is a rectangular plate. Under polarized light, all around the sides 



• Am./oum. Set., S. 3, viii., 375 and 451. 
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of the rectangle appears a band of doubly-refracting fibres exactly per- 
pendicular to the faces of the cube. In the centre are noticed fibres 
parallel to these and other fibres at angles of 45° to the first. With a 
section parallel to the face of the octahedron six directions of fibres are 
shown, three parallel to the edges of an octahedron and three the pro- 
jections of which are at right angles to these edges. 

The mineral is evidently composed of two substances — the crystalline 
substance, which forms a network of rhombohedral lamellse, crossing 
each other at the angles of the cube and the octahedron, and an 
amorphous substance, which fills all crevices and is itself penetrated by 
the same fine fibres which are components of the lamellae. 

An analysis of the carefully separated fibres yielded : 

SiOj, 41.98 

MgO, 41.38 

FeO, 2.87 

HA 13.78 

100.01 

This is practically identical with the composition of the entire mass 
and corresponds to a serpentine of 2SiO,, 3MgO, 2HjO. The two sub- 
stances are therefore identical chemically, and since their specific grav- 
ity, solubility and blowpipe characters agree with serpentine, and as 
their optical characteristics concord with Des Cloizeaux's study of the 
varieties marmolite, antigorite, metaxite, chrysotile, bastite and thermo- 
phyllite, it seems that the material of Brewster*s should be considered 
as crystallized serpentine in pseudo- cubic groupings y the interstices of the 
lamellse having been filled up during crystallization by amorphous ser- 
pentine. — BulL Soc, Franc, Min,, xiv., 120-127, April, 1891. 

Strontianite. 

Description of crystallization at Leogang, Salzburg, and bibliogra- 
phy. — Zeit.f. Kryst.f xix., 146-152, 1891. 

Sychnodvmite Lc^peyres, ( Co, Cu,Fe,Ni\Sf^, Isometric. 

In the druses of an irregular, fragile, skeleton -like mass of inter- 
mixed quartz, siderite, tetrahedra and pyrite are found crystals of a 
metallic, dsrk steel-gray mineral, which, upon examination, prove to be 
the cobalt compound corresponding to polydymite, whence the name, 
from <rv)(y6^ := itoXi^. 

The crystals are rarely over i mm. in size, and are frequently the 
simple octahedron, but show sometimes the cube and the trisoctahedra 
3O3 and 2O2. 

Material selected with extreme care yielded sp. gr. 4.758 and: 

S, 40.645 40.328 

Cu, 18984 17.233 

Fc, 0927 0.821 

Co, 35786 35.635 

Ni, 3658 5 744 

100.000 99761 

— Zeit, /. Kryst.y xix., 1 7-2 1 , 1 89 1 . 
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Talc Agalite. 

The fibrous material from northern New York, with the composi- 
tion of talc, is, from its optical properties, an altered enstatite. — Neues 
Jahrb.f. Min., 1891, i., 376, Ref. 

Tamarugite. Schulze. Na^lJ^SO^^ + iiH^O. 

Occurs in massive forms, with radiated structure and cleavage across 
the fibres. Color, white; lustre, vitreous; H. 1=2; G. = 2.03-2.04. 
Found abundantly at Cerros Pintado and Tarapaca, with pickeringite. 
Named after pampa of Tamaruga. 

Analysis Deducting 
shows. NaCl and 

CaSOfr 

SO,, 45.66 4537 

CI 0.12 

Al^O, 14.48 14.48 

Na,0, 9.04 894 

CaO, ......... 0.20 

CuO trace 

H,0, 30.86 30.73 

100.36 99.52 

-^ Neues, Jahrb,/, Min,y ii., Refs. 21-22, 1891. 

Thomsonite. 

In the amygdules of a feldspathic porphyry at Mettweiler, near St. 
Wendel, Germany. — Zeit.f, KrysLy 171-173, 1891. 

Thorite. 

Orangeite of Landbo, Norway. Said by Hidden to belong to the 
uranothorite of Collier. — Amer, Journ, Sa\, xli., 440, May, 1891. 

TiTANiTE,y>'<7»i Magnet Cove, Ark, 

Analysis and crystalline form. — ^Genth and Penfield, Atner, Journ, 
Sci,^ xli., 398, May, 1891. 

TSCHEFFKINITE. 

As a resa t of analysis of a specimen of this mineral from Bedford 
Co., Va., and of a microscopic examination of thin sections of this 
specimen and of the previously analyzed specimen of R. C. Price, the 
conclusion is reached that tscheffkinite is a complex mixture of unde- 
termined minerals. — Amer, Journ, Set,, xlii., 36-38, July, 1891. 

TURQUOIS. 

Prof. Bogdanowitsch describes the turquois mines of Persia. The 
locality is Mt. Ali-Mirsa, north-west from the village of Maaden, near 
Nischapur. The mineral is usually in an iron-bearing, brecciated pitch- 
stone belonging to the felsite porphyrys ; rarely and only at great depths 
is it found in a typical breccia. It is found sometimes as enclosures in 
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limonite gangue and between breccia ; in some cases it cements pieces 
of the stones. It is probable that the alumina phosphate solution pen- 
etrated from above. — Zeit.f. Kryst, xviii., 631, 1891. 

Old Indian workings have been rediscovered in the Burro Mts., south- 
west of Silver City, Grant Co., N. M., also about a mile from these in 
a test pit sunk in search for copper, the veins of turquois having been 
mistaken for veins of copper-ore. — Chas H. Snow, Amer, Journ, Scu^ 
xli., 511, June, 1891. 

Vesuvianite. 

Discussion of analyses and probable formula, 4(2RO.Si02) + 
2R,Oj.3SiO,. — Kenngott, Neues Jahrbuch^ i89i> i«> 200-207. 

Xenotime. 

As an accessory element in rocks. — O. A. Derby, Amer.Jaurn, Sa\, 
xli., 308-311, April, 1891. 
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The Chemical Analysis of Iron. A Complete Account of All the Best Known 
Methods for the Analysis of Iron, Steel, Pig-iron, Iron-Ore. Limestone, Slag, 
Clay, Sand, Coal, Coke, and Furnace and Producer Gases. By Andrew Alex- 
ander Blair, Graduate United States Naval Academy, 1 866, etc. Second Edi- 
tion. Philadelphia, J. B. Lippincott Company. 1891. 314 pp. ^4.00. 

In a certain sense the publication of the first edition of this valuable 
work was a departure from the ordinary methods. Instead of preparing 
a book intended as a guide to students in laboratories of technical in- 
struction, Mr. Blair undertook to supply concise information as to 
methods of analysis for the reference and guidance of students of more 
mature knowledge and experience. The results proved how well such 
work was appreciated in the rapid sale of the first edition, so that for 
the past year or more the numerous inquiries for copies at the shops of 
dealers in technical publications have been met with the discouraging 
reply, *'out of print." One reason for this is reported to have been 
that our English cousins "know a good thing when they see it," and 
consequently an unexpected demand for the book sprang up in £np:land 
soon after its appearance, which indicated that it had a wider field of 
usefulness than perhaps the author, or his publishers, had at first sus- 
pected. 

The second edition is, therefore, assured of a hearty welcome. It 
contains only thirty-two pages more than the first, but the additions 
have been numerous, and give evidence of the most careful revision. A 
brief review of the new features may prove useful : 

Under "Apparatus" we find a description of Mr. Maunsel White's 
mechanical device for pulverizing ores in an agate mortar, both mortar 
and pestle being rotated, and at the same time given a rocking motion 
(p. 13); also his device (p. 16) for taking samples of iron and steel, for 
the colorimetric carbon determination, etc., a combination of a drill 
with a balance, the movable pan receiving the drillings being poised 
above the balance beam and outside of the case. 

Whitfield's convenient arrangement for hastening evaporation by the 
use of a blast passed through a heated platinum helix-tube (^/our. AnaL 
and App, Chem,j v., 181, 1891), is also described (p. 21). 

In this division of the work we also find the suggestion as to the use 
of '* Factor weights " (p. 37), a device which saves much labor and 
danger of errors. It consists simply in weighing out for analysis such 
an amount that the weight of the product obtained bears some simple 
ratio to the percentage of the constituent sought, e.g.^ if one weighs out 
2.7273 grammes of steel, every o 0001 gramme of CO, obtained indi- 
cates 0.00 1 per cent, carbon, etc. 

In at least one of our large iron-works, where numerous analyses are 
required daily, it has been found convenient to have in the laboratory 
a set of weights constructed on this basis for the different determinations 
required. Thus they have a carbon weight of 2.7273 grammes, a sul- 
phur weight, etc. 
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Under "Reagents," Prof. Hart's invention of coursine bottles for the 
keeping of pure hydrofluoric acid for laboratory purposes receives men- 
tion (p. 39). 

The usual method of making sulphur dioxide with copper turnings and 
sulphuric acid, omitted in the first edition, is given in this issue (p. 41). In 
many respects it has decided advantages over the method with charcoal. 

The statement of the first edition that ammonium oxalate is soluble 
in three parts of water is repeated (p. 45) This is no doubt given on 
the authority of Gerhardt or Griffiths, quoted in Storer's Dictionary of 
Solubilities, One usually finds, however, that when the solution is made 
according to the directions of Fresenius (i in 24), a solution saturated 
at ordinary temperatures is obtained. This seems to accord with the 
statements of most other authorities quoted by Storer as to its solubility, 
(i in 20, Gmelin ; in about 28 parts, Berzelius ; in 22.2 parts, M. R. 
and P. ; in 25 parts, Wittstein ; in 24 parts, Abl.) 

We note that the use of hydrodisodic phosphate as a reagent is ignored 
in both editions, that of '* microcosmic salt'* which has some advan- 
tages) being substituted (p. 46). 

The use of anhydrous copper sulphate without pumice is a new point 
in the second edition (p. 53), as is also the use of anhydrous cuprous 
chloride (/^.). This form for those reagents has been suggested by the 
light obtained in the recent experiments preliminary to work on the 
International Standards. From the same source comes also the sugges- 
tion as to the use of potassium copper chloride (p. 54), instead of the 
corresponding ammonium salt, for dissolving manufactured irons, with 
a view to the determination of carbon. 

Under ** Analjreis of Iron and Steel'* we find added Morell's process for 
sulphur by the evolution method, involving passage of the gases through 
a cadmium solution (p. 62), and also Wood's modification of the same, 
combining the method with the iodine titration process (p. 71). 

The color comparison methods for sulphur — that of Eggertz with 
metallic silver, and that of Weborgh with muslin disks impregnated with 
cadmium solution — are ignored, possibly because the author found them 
to be troublesome and inexact. 

In the description of rapid methods for the determination of phos- 
phorus by titration (Emmerton's method), we find inserted a descrip- 
tion of Jones's reductor (p. 99). Woods's modification of Emraerton's 
method, in which the phospho-molybdate is weighed (p. 102), is also a 
new feature. The saving in time and manipulation by using chromic 
acid to insure complete oxidation, and a limited quantity of hydro- 
fluoric acid to remove silica from the acid solution, are interesting and 
ingenious details in this method. 

Strangely enough, however, Drown's modification of this volumetric 
process ( 7rtf«j. Inst, Min, Eng,^ xviii., 90), consisting in dissolving in 
nitric acid sufficiently dilute to render filtration easy, and effecting com- 
plete oxidation of the phosphorus by means of permanganate, seems to 
have escaped the author's notice. 

In the gravimetric determination of manganese (Ford's method) is 
inserted Mr. Woods's suggestion of removal of much or all of the silica 
after effecting solution, by the addition of a few drops of hydrofluoric 
acid to the acid solution and boiling (p. iii). 

To the Ford-Williams' method is added a description of the Uehling 
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burette (p. ii6), a form of apparatus which easily recommends itself in 
other processes as well. 

Deshay's method for manganese — oxidation to permanganic acid by 
nitric arid and lead peroxide, followed by titration with sodium arsenite 
(p. 1 1 8) — is also new. 

In describing the determination of total carbon by direct combustion 
of the iron drillings in a current of oxygen, the author inserts a modest 
foot-note (p. 125), suggesting an original and effective mode of accom- 
plishing the object desired. The wire-stand for Liebig bulbs (p. 136), 
and the mechanical stirring apparatus (p. 139), are also valuable aids in 
laboratory work devised by the author. 

The point discovered by the American members of the International 
Steel Standard Committee, that acidulation of the copper chloride solu- 
tion is of advantage when dissolving iron for a carbon determination, is 
noted (p. 140). 

It suggests our present ignorance both as to the possible condition of 
carbon in manufactured irons, and as to the probable complexity of the 
reactions involved in this stage of the process. In this section (Deter- 
mination of Carbon) various modifications of former methods are intro- 
duced, as the result of the experience of the members of the committee, 
such as the use of cuprous chloride and cuprous sulphate (both anhy- 
drous) in the purifying train, instead of anhydrous copper-sulphate on 
pumice and copper turning, the use of compressed air, etc. (p. 121). 

The presence of carbon compounds in copper-ammonium chloride is 
noted (p. 151). 

The ingenious apparatus in use at the laboratory of the Bethlehem 
Iron Company for the addition gradually (and automatically) of the 
proper amount of nitric acid in dissolving samples of steel for the colori- 
metric determination of combined carbon, is described (p. 164), we 
believe for the first time. 

The suggestion of Wood as to the omission of graduations at the 
lower part of the color-comparison tubes (p. 166), is novel and valu- 
able. 

A short paragraph has been added regarding the analyses of nickel 
steel Cp. 180). It is recommended to weigh the nickel as Ni^S (Rose's 
method). Classen's method — electrolysis of the hot solution of the 
double oxalate — we believe to be a better plan. 

The methods of Stead and Carnot for the determination of alumi- 
num in ferro-aluminum and aluminum steel (j)id. Quarterly abstracts, 
xi., 273, and xii., 262; also xii., 61) are inserted (p. 185), though the 
account is unnecessarily mixed in with the determination of chromium 
as well, in a way tending to be a little misleading as to the object 
sought. 

A new section (p. 195) is devoted to the determination of nitrogen in 
irons. The method described is that of A. Hallen as modified by Lang- 
ley (distilling and determination as ammonia). 

Another new section (p. 198) gives methods for the determination 
of iron in manufactured irons by the solution method and by the fusion 
method. 

Under "Analysis of Iron-Ores," the use of Jones' reductor is de- 
scribed (p. 204). That apparatus, however, when constructed accord- 
ing to directions, is unnecessarily elaborate. 
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An arrangement is also described (pp. 205 and 206) for establishing 
a reservoir in conjunction with the burette for standard permanganate 
solution^ so connected that the burette may easily be filled an indefinite 
number of times, or the burette may be emptied back into the reservoir, 
without exposing the standard solution to laboratory fumes or any 
other influenees which might injuriously affect its strength. 

As regards the use of potassium dichromate for the titration of iron, 
the description in either the old or the new edition is not altogether 
satisfactory. It is implied, if not stated, that reduction of the iron by 
metallic zinc can be used when titration with this reagent is contem- 
plated, whereas the reaction of the dissolved zinc salt with the ferri- 
cyanide used in determining the end-reaction, practically constitutes a 
material objection to this method of working. The author also 
neglects to mention the most satisfactory method of reducing with 
stannous chloride ; addition of a slight excess, and then adding at once 
15 to 20 c.c. of a solution of mercuric chloride to destroy the excess of 
stannous salt. It has also escaped his notice, that this method of titra- 
tion is applicable in the presence of titanic acid without appreciable 
error. 

Another omission may be noted (p. 243) : the separation and weigh- 
ing of zinc as phosphate, in a manner analogous fo that of manganese. 

The remaining sections are essentially reproductions of the text of the 
first edition, with the exception that in the direction for the analysis of 
"Fire Sands," the important note is added (p. 273), that in the pres- 
ence of much alumina, it is almost impossible to expel all the silica by 
the use of hydrofluoric acid in the ordinary manner. 

No additional tables have been inserted in the new edition, but two 
of the most important ones have been carefully revised, viz., that of the 
atomic weights (Table I., p. 295) and that of the factors (Table II., p. 
296). 

The atomic weight table corresponds very nearly, though not exactly, 
with the recent list published by Prof. F. W. Clarke. The differences 
where they occur are practically unimportant, being usually only of two 
or three hundredths. 

The table of factors has been changed to correspond with the re- 
vised list of atomic weights, and several additions have been made. 

With the exception of a few verbal changes this sums up the numer- 
ous additions and improvements to be found in the second edition. 
The poof reading has been exceedingly thorough, the typographical 
errors being few and unimportant (p. 159, Karston forKarsten, for in- 
stance). The type, spacing, size of page, binding, etc., are pleasing 
and satisfactory. The work is sure to be eagerly sought by those whose 
work is connected with such matters, because it is useful and thorough. 

E. Waller. 



Appleton's School Physics. By John D. Quackenbos, A.M., M.D., Columbia 
College, N. Y.; Alfred M. Mayer, Ph.D., Stevens Institute, Hoboken, N. J.; 
Francis E. Nipher, A.M., Washington University, St. Louis; Silas W Holman, 
S.B., Mass. Institute of Technology, Boston; Francis B. Crocker, E.M., School 
of Mines, Columbia College. Cloth, i2mo., 544 pages. New York, Cincinnati 
and Chicago : American Book Company. 

Appleton's School Physics is the latest attempt to condense into 
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one small volume the mass of facts with which the candidates for ad- 
mission to our colleges must be familiar before entering upon more ad- 
vanced work in natural philosophy. Unlike most of its predecessors, it 
is the joint work of several writers: Prof. A. M. Mayer, of Stevens, con- 
tributing the chapter on sound; Prof. Nipher, of Washington Univer- 
sity, those on heat, light, frictional and voltaic electricity ; Prof. S. W. 
Holman, that on mechanics. In addition, there is an excellent presen- 
tation of the modern applications of electricity by Prof. Crocker, of 
Columbia. 

The form and arrangement of the book are much the same as those 
of the physics with which we are familiar, but the subject-matter has 
gained much by the omission of many utterly insignificant paragraphs, 
with their explanatory cuts, that were deemed necessary in other books 
simply because they had come down to us from the natural philosophies 
of sixty years ago. There is thus more space to devote to the modern 
applications of scientific research noticeable in every chapter. 

The cuts are another departure from the venerable antiques of Ganot, 
from whom almost all our smaller books have borrowed freely. The result 
of these changes is to make a fresh, interesting text-book; concisely ex- 
pressed and well-illustrated ; displaying an honest attempt to throw off 
conventional forms of presenting the various branches of physics; and 
showing the student what the scientists are doing for the practical world 
noWy instead of giving him an historical view of physics up to only 
1850. Our only regret is that the authors did not go far enough in 
revolutionizing ; they are still too hampered by the past. Under the 
able editorship of Prof. John D. Quackenbos, of Columbia, the work is 
the best in its particular sphere that has yet been produced. 

G. 
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The Alumni. 

The Secretary writes : " Delay in returns, press of business, and an 
attack of chills and fever preclude my getting list of the Alumni in 
shape for the July issue." 

The College. 

No more interesting reading can be found for those interested in the 
development of the School of Mines than the recently-issued circular of 
information. The following facts are selected as embodying the more 
recent changes. 

The system of instruction in the School of Mines includes : 

I. Undergraduate Courses^ occupying four years. 

1. Mining Engineering. 

2. Civil Engineering. 

3. Metallurgy. 

4. Geology and Palaeontology. 

5. Analytical and Applied Chemistry. 

6. Architecture. 

II. Post' Graduate Courses^ full course of two years. 

1. Electrical Engineering. 

2. Sanitary Engineering. 

3. Special. 

Under the University Faculty of Mines: . 

Elective Courses, 

1. For the Degree of Master of Arts. 

2. For the Degree of Doctor of Philosophy. 

3. Special Courses. 

Seniors of the School of Arts are permitted certain electives. 

For the convenience of candidates for admission to the first year of 
the School of Mines who reside at a distance from New York, arrange- 
ments have been made by which examinations will be held in June at 
the following cities : 

Chicago, 111., by E. G. Barratt, C.E. 

Cincinnati, O., by C. B. Going, Ph.B. 

Charleston, S. C, by P. E. Chazal, A.B., E.M. 

Concord, N. H., by C. S. Knox, A.M. 

Denver, Colo., by T. B. Stearns, E.M. 

St. Louis, Mo., by W. B. Potter, A.M., E.M. 

Salt Lake City, Utah, by R. H. Terhune, E.M, 

Belmont, Cal., by W. T. Reid, A.M., Head Master of the Belmont 
School. 
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Post-Graduate Courses. 

Graduates of the School of Mines, and of other institutions, are 
admitted to post-graduate courses without examination, provided they 
have completed the studies which qualify them to pursue with advantage 
the courses which they desire to attend. 

Persons who are not graduates may be admitted to the courses in elec- 
trical engineering and sanitary engineering, provided they pass the re- 
quired examinations. 

Graduates of colleges and technical schools, and other applicants of 
adequate attainments and mature age, who are not candidates for a de- 
gree, may be admitted to partial courses on giving satisfactory evidence 
that they are able to pursue with credit and advantage the special 
topics or studies to which they wish to devote themselves for one year. 

Any student of the School of Law, the School of Political Science, 
the School of Philosophy, or the graduate department of the School 
of Mines, pursuing a full course, may attend permitted courses in any 
other school of the college without paying any further fee for tuition. 

University Courses (under the direction of the University Faculty 
of Mines) : 

Any student who has taken his baccalaureate degree either in 
Columbia College or in some other college maintaining an equivalent 
curriculum (every such case of equivalence to be considered on its own 
merits), shall be entitled, with the approval of the president, to become 
a candidate for the degree of master of arts or doctor of philosophy. 

Each student who declares himself a candidate for the degree of 
master of arts or doctor of philosophy, shall designate one principal 
subject and two subordinate subjects. In the Faculty of Mines the term 
"subject" shall be held to mean any one of the several subjects of 
instruction specified under groups A, B, C, and D. No candidate for a 
degree may select more than two of his subjects from any one group. 
The selection of subjects made by any candidate for a degree shall be 
approved by the dean on behalf of the faculty. 

One year's study is required for the degree of master of arts ; two 
years* study for the degree of doctor of philosophy. 

The course of study shall, so far as possible, embrace instruction in 
the following groups of subjects : 

A. — Mathematics. 
B. — Mechanics, 

Physics, 

Chemistry. 
C. — Biology. 

Botany, 

Zoology. 

Palaeontology, 

Mineralogy, 

Lithology, 

Geology, 

Astronomy, 

Meteorology, 

Physical Geography, 

Geodesy, 
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Surveying. 

r Civil, 

T^ -c* • J Mechanical, 

D.— Engineering, \ ^.^.-^^ 



Mining, 

Metallurgy, 

Architecture. 



Electrical, 
Sanitary, 



Students who are not candidates for a degree shall be permitted to 
pursue such courses, from among those offered by the Faculty of Mines, 
as they may be found qualified to enter upon and the faculty may ap- 
prove. The qualifications of such students shall be determined by the 
professor in charge ot the courses selected by them. 

The following elective courses for the degrees of Master of Arts and 
Doctor of Philosophy, and special courses, are offered : 

Mathematics. 

Advanced course in differential and integral calculus — 2 hours a week. 
Advanced course in solid geometry and higher plane curves — 2 hours 
a week. 

Modern higher algebra — i hour a week. 

General theory of functions — 3 hours a week. 

Abelian functions — i hour a week. 

Calculus of variations — 2 hours a week for one term. 

Differential equations (general) — 2 hours a week for one term. 

Mechanics. 

Higher mechanics — 2 hours a week. 

Determinants and modern co-ordinate geometry — 2 hours a week. 
The principle of conservation of energy and the various methods of 
its application to the study of physical phenomena. 

Physics. 
Calorimetry. 
Radiant heat. 
Interference of light. 
Polarized light. 
Acoustic measurements. 
Thermo-electricity. 
Electrical induction. 

Conversion of electrical energy into light and heat. 
Each course will consist of 8 hours of laboratory work a week. 

Chemistry. 

The history of chemical theory — i hour a week. 
The following courses will each consist of 8 hours laboratory practice 
per week : 

Examination of new methods of analysis. 
Spectroscopic analysis. 
Analysis of the alkaloids. 
Electrolytic analysis. 
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Study of special chemical reactions. 
The quantitative relations of the rare elements. 
Theoretical and industrial relations of iridium. 
Redetermination of certain atomic weights. 
The allotropic conditions of certain elements. 
Quantitative electrolytic analysis. 

Rapid methods of analysis in connection with metallurgical processes. 
Rapid methods of analysis in connection with certain processes in in- 
dustrial chemistry. 

Special volumetric methods. 

Chemical examination of textile fibres. 

Chemical examination of dyes and dyed fibres. 

Investigation of fats and oil's. 

Investigation of resins. 

Investigation of pigments. 

Investigations on organic acids. 

Investigations on alcohols. 

The chemical relations of substances in the manufacture of paper. 

Chemical relations of albumens and albumenoid substances. 

Organic magnesium compounds. 

On the action of organic acids on diatomic nitrils. 

Adipic acid and its formation from aromatic compounds. 

The action of thionyl chlorides on amides. 

Diatomic sulphones. 

Electrolysis of certain groups of organic acids. 

Technical sugar analysis. 

Special methods of assaying ores. 

Special methods of analyzing alloys. 

Special methods of analyzing and assaying furnace products. 

Quick methods of assaying ores, metals and furnace products. 

Ore testing for the proper selection of methods of treating alloys. 

The electrical treatment of ores and metals. 

Geodesy and Practical Astronomy. 

Practical and spherical astronomy. Lectures 2 hours a week for two 
years ; and observatory work throughout the same time. 

The method of least squares and its application to geodesy and 
astronomy — i hour a week for one year ; and computations of practical 
examples. 

Instruction in the theory of the reduction of photographic star plates, 
with practical application to the Rutherfurd star photographs. 

Theoretical astronomy. Lectures on theory of planetary motions — 
I hour a week for two years \ and computations of comet orbits, etc. 

Biology and Microscopy. 

The fresh water algae and lower fungi — 2 hours a week. 
Protozoa and their sanitary relations — 2 hours a week. 
Micro-chemistry — 2 hours a week. 
Biological analysis of water and air — 4 hours a week. 
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' Botany. 

Vegetable anatomy. Laboratory instruction in the preparation and 
examination of cells and tissues — 2 hours a week. 

Cryptogamic botany. Lectures, herbarium and laboratory instruc- 
tion in th^ structure and classification of the ferns, mosses, lichens, 
higher fungi, and marine algae — 2 hours a week. 

Morphology of the flowering plants. Instruction by text-book, 
models, diagrams and herbarium — i hour a week. 

Systematic botany. Determination of species and their relations to 
each other from printed descriptions and use of the herbarium — 2 hours 
a week. 

Economic botany. Illustrated lecture course on drug plants, food 
plants, fibre plants and timbers — i hour a week. 

Systematic botany. Advanced course. Critical study of an order of 
genus of plants and preparation of a monograph thereon. Supple- 
mentary to Course No. 4. Number of hours a week depending on the 
group selected — not less than 4 hours a week. 

Vegetable anatomy. Advanced course. Critical study of the cells 
and tissues of some plant selected and preparation of a memoir thereon 
— not less than 4 hours a week. 

Zoology. 

Anatomy. Laboratory work 4 hours a week. 
Special anatomical work — not less than 4 hours a week. 
Systematic study of some group of animals — not less than four hours 
a week. 

Mineralogy. 

Higher studies in blowpiping — 2 hours a week during one term. 

Instrumental mineralogy, including the use of goniometers for meas- 
uring angles and indices of refraction, the study of polarization, phos- 
phorescence, fluorescence, etc., in minerals, including the method of 
cutting sections — 2 hours a week during one term. 

Metallurgy. 

Advanced studies in combustion, calorimetry, and the behavior of 
slags — 2 hours a week during the year. 

Geology. 
Higher geology — 3 hours a week. 

Engineering. 

Hydro-dynamics. General laws of motion of liquids and gases, with 
and without friction \ mutual impulse of fluids and solids ; work per- 
formed by various fluids as sources of power and laws of efficiency — 2 
hours a week. 

Thermo-dynamics. Dynamical theory of heat ; principles of thermo- 
dynamics applied to heat engines and various engineering problems— 2 
hours a week. 
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Dynamics of engineering. Laws of dynamics applied to engineering 
— 2 hours a week. 

Sanitary science. Water supply, sewerage, drainage, disposal of 
sewage, ventilation, heating — 2 hours a week. 

Rivers, harbors and breakwaters. Physical characteristics of rivers, 
estuaries and harbor bars ; methods of improvements ; location and con- 
struction of breakwaters and other marine works — 2 hours a week. 

Hydraulic motors. Vertical and horizontal water wheels; their con- 
struction and efficiency; centrifugal pumps and fans; theory and con- 
struction — 2 hours a week. 

The history of electricity and its influence upon the scientific and 
industrial progress of the present century — 2 hours a week. 

The direct conversion of the energy of fuel into electricity — 2 hours 
a week. 

Theory of electrolysis — 2 hours a week. 

The effect of chemical, mechanical and thermal conditions upon the 
electrical conductivity of metals — 2 hours a week. 

Properties 6f engineering materials. 

Efficiency of machines. 

Kinematics: Advanced theorems. Applications to mechanism. 

Advanced theorems in steam generators. 

Advanced theorems in engine design. 

Advanced theorems: use of other fluids than steam for industrial 
power. 

Marine engineering. 

Each of last seven courses includes 2 hours a week in the lecture- 
room and laboratory practice. 

Mining. 

Coal mining — 2 hours a week. 

Ore mining — 2 hours a week. 

Coal washing — i hour a week. 

Ore dressing — i hour a week. 

Examination of a mineral property or a mine ; four to six weeks de- 
voted to field and underground work in the Summer School of Practical 
Mming, with conferences at convenience of Professor. 

Examination of a coal-washing plant, or an ore-dressing plant; four 
to six weeks' work in the mill and in the laboratory with conferences. 

Special problems and original investigations in ore-dressing and 
mining as assigned, with conferences, laboratory and field work as 
required. 

Architecture. 

Architectural history — 2 hours a week. 
Architectural design — 2 hours a week. 
Each course includes 8 hours a week in the drawing academy. 
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